Sewage Works 


THE PORTLAND SEWAGE WORKS PROJECT * 


3y J. C. Stevens anp H. LorEN THOMPSON 


Stevens and Koon, Consulting Engineers, Portland, Ore. 


The Willamette River divides the 
city of Portland into two areas as 
shown in Figure 1. The west side con- 
tains the main business section and the 
west-hills residential area, being ap- 
proximately one-third of the total area 
of the city of 67 square miles. The 
northern boundary of the city is about 
21%, miles from the confluence of 
the Willamette and Columbia Rivers. 


* Presented at Twentieth Annual Meeting, 
Federation of Sewage Works Associations; 
San Francisco, Calif.; July 22, 1947. 
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Multnomah Channel is at the northern 
boundary of the city and is important 
in that at low flows a large proportion 
of the flow in the Willamette passes to 
the Columbia River via this channel. 
The minimum flow of the Willamette 
River is a little less than 4,000 c.f.s., 
while that of the Columbia River is to 
be regulated at about 75,000 c.f.s. 


Pollution of Willamette River 


That the Willamette River reaches 
Portland in a highly polluted condition 
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FIGURE 1.—Portland and vicinity. 
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FIGURE 2.—Per cent saturation of dissolved oxygen in the Willamette River above 
Sellwood Bridge. 


has been recognized for a long time 
but it was not until 1929 that the ex- 
tent of the pollution was known. A 
sanitary survey was conducted by the 
Oregon State College Experiment Sta- 
tion during July and August of that 
year and reported in ‘‘A Sanitary 
Survey of the Willamette Valley’’ (1). 
This survey indicated that the satura- 
tion of dissolved oxygen in the waters 
of Willamette River was about 42 per 
cent at Sellwood Bridge at the extreme 
southern part of the city. 

Again in 1944 a sanitary survey was 
made of the Willamette River from 
above Cottage Grove to Sellwood 
Bridge. The results of this survey 
were published in ‘£1945 Progress Re- 
port on Pollution of Oregon Streams’’ 
by the same institution (2). Figure 
2, taken from this latter report, shows 
the dissolved oxygen in per cent satura- 
tion in the stream from the Sellwood 
Bridge to above Cottage Grove. The 
stream had deteriorated since 1929 un- 
til its saturation of dissolved oxygen 
was reduced to 10 per cent. This is 
before any of the sewage from Port- 
land is discharged into the Willamette 
River for disposal. 





Because of lack of information con- 
cerning the condition of the Willam- 
ette River within the city boundaries, 
and as such data were needed, the 
city authorized G. W. Gleeson of 
Oregon State College to conduct a sani- 
tary survey of the river from the Sell- 
wood Bridge to Columbia River. This 
survey was conducted during Septem- 
ber, 1934, and reported in ‘‘ A Sanitary 
Survey of the Willamette River from 
Sellwood Bridge to the Columbia 
River’’ (3). Figure 3, taken from this 
report, shows the cross section of the 
river at Sellwood Bridge and the re- 
sults of a dissolved oxygen traverse. 
This indicated that little difference in 
the dissolved oxygen content existed 
across the stream. The saturation was 
about 32 per cent, which was a reduc- 
tion of approximately 25 per cent from 
the 1929 value at the same location but 
considerably higher than the 1944 
value at this point. The stream has 
deteriorated steadily since the results 
of the first survey were made known. 

The variation and average dissolved 
oxygen content of the stream at the 
seven regular sampling stations used 
by Mr. Gleeson are shown in Figure 4, 
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FIGURE 3.—Dissolved oxygen traverse at Sellwood Bridge. 
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which has been taken from his report. feet. In regard to the variation of the 
Station 3 at Burnside Bridge is about dissolved oxygen at different depths 
in the heart of the city and some of this report states: 
the larger sewers empty into the river , ~ ca re 
. : . : vill be noted that the variation in 
just above and below this station. The Boe : 

: : : : dissolved oxygen content at all depths of 
effect of this sewage upon the dis- . : SOT Se TC apt 

; : . : sampling at the various stations is the same 

solved oxygen of the stream is readily — \ithin experimental error for all of the 
apparent and a stretch of depleted stations above the Spokane, Portland & 
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FIGURE 4.—Variation and average dissolved oxygen at the regular sampling stations on 
Willamette River within the city. 








not true of the stations down the river. 
The variations encountered are of different 
magnitude and the mean values indicate 
an increasing dissolved oxygen content 
from top to bottom of the river. This 
variation is due to the fact that, especially 
at high tide but in a measure at all tides, 
the Columbia River water has backed into 
the Willamette channel on the bottom and 
inereased the dissolved oxygen concentra- 
tion.” 


The waters of the Columbia River are 
colder than the Willamette River 
waters and are practically saturated 
with oxygen, which explains the above 
condition. 

A study of the currents and rates 
of flow at the seven sampling stations 
indicated that, during low stages of 
the river, it takes about 7.6 days for 
the waters of the Willamette to pass 
from Sellwood Bridge to Multnomah 
Channel. Actually, during high tide 
and with the river at a low stage, one 
can observe floating material going 
upstream. This condition does not per- 
mit the organic material to reach 
quickly the waters of the Columbia 
with their high oxygen content. 

The period of oxygen depletion is 
coincident in time with the low-water 
stage. This period in all probability 
never exceeds three months. However, 
except during flood, the oxygen con- 
tent of the stream is affected adversely 
at all times of the year. 


Financial Program and Engineering 
Studies 


The growing need of abating the pol- 
lution of the Willamette River has been 
a subject of discussion for many years. 
As long as 25 years ago the late C. H. 
Smith, while Sewer Engineer for the 
city, had worked out a preliminary 
plan for the collection and treatment 
of the sewage of Portland. However, 
it was not until the depression years 
that a group of unemployed prevailed 
upon the City Council to authorize the 
preparation of plans, specifications, 
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and estimates for a sewage collection 
and treatment system. 

Based upon hastily prepared and 
incomplete plans (calling for treatment 
at six plants) a self-liquidating bond 
issue of $6,000,000 was approved by 
a 2 to 1 vote on July 21, 1933. Legal 
interpretation of the authority thus 
granted the city confined the proposed 
construction to that conceived by those 
who prepared the incomplete plans. 
An application was submitted to the 
PWA for a loan of $6,000,000 and a 
grant of $2,000,000. This was rejected 
as the plans submitted were not suffi- 
ciently complete to judge the merits 
of the application. 

Following this, the people of Port- 
land rejected a proposal by which the 
self-liquidating bonds would be sup- 
ported out of general tax funds. Due 
to the legal difficulties and the fact 
that the original plans were not prac- 
tical the self-liquidating bonds were 
never sold. 

Just prior to the election of July 
21, 1933, the City Couneil employed 
a board of consulting engineers consist- 
ing of Messrs. Koon, Cunningham, and 
Dieck to make a preliminary report on 
the collection and treatment of sewage 
for Portland. In the fall of the same 
year, the late Harrison P. Eddy was 
retained as consultant. His report was 
submitted in October, 1933, and ear- 
ried the recommendation : 


. that a system of intercepting sewers 
and necessary pumping stations be built 
to earry the sewage to North Portland 
Harbor into which it will be disposed 
after suitable treatment if any be _ re- 
quired.” 


This was in line with the Smith Plan 
and the recommendations of Koon, 
Cunningham, and Dieck. (North Port- 
land Harbor is called Oregon Slough; 
it is a part of the Columbia and ear- 
ries a considerable portion of the flow 
of the river.) 

A charter amendment. was approved 
by the people in 1938 granting the 
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City Council authority to construct 
and operate a sewage collection and 
treatment system, and authorizing a 
levy for a sewer service charge not to 
exceed one-third of the charges for 
water, for the purpose of providing 
funds to finance the cost of the system. 
Since August, 1940, the city has been 
collecting a service charge which is 
about 40 per cent of that authorized 
by this charter. This service charge 
is based on water use; quarterly pay- 
ments vary between 25 and 70 cents 
per residence. Collections from this 
source amounted to $1,246,786 to De- 
cember 31, 1946. 

The city convened a board of consult- 
ing engineers in 1939 consisting of 
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Abel Wolman, Wellington Donaldson, 
Carl Green, and R. H. Corey. This 
board submitted its report on August 
19 of that year. The board made the 
following recommendation : 


“.. that the sewage discharge from all 
the outlets on the Willamette River and 
Columbia Slough from the City of Port- 
land and its immediate environs be col- 
lected and transported to a site in the 
vicinity of Columbia Slough, there to be 
treated by sedimentation and then dis- 
charged into the Columbia River through 
multiple outlets.” 


Based upon this report general ob- 


ligation bonds in the amount of 
authorized by the 


$12,000,000 


were 
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FIGURE 5.—Some of the more important sewers of Portland. 




























voters in May, 1944. The ordinance 
granting the city the authority to sell 
the bonds is sufficiently broad to per- 
mit freedom of design by the engi- 
neers, yet it requires the carrying out 
of the general recommendations of the 
‘*Wolman Report.’’ The city has sold 
these bonds and invested the proceeds 
in Government securities, the invest- 
ment return on which is_ slightly 
greater than the interest charge on 
the bonds. 

The fund accumulating through 
sewer service charges has provided the 
funds required to pay for special in- 
vestigations carried on by the City 
Engineer’s office, engineering fees, and 
the purchase of the treatment plant 
site. 
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FIGURE 6.—Preliminary or “low level” interceptor route and the “high level” location. 
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In February, 1944, the city author- 
ized the firms of Stevens & Koon and 
John W. Cunningham & Associates to 
prepare the designs for an intercepting 
sewer system and a sewage treatment 
plant. This work has been carried on 
as a joint venture under the name of 
‘‘Engineers Portland Sewerage Proj- 
ect.”’ An engineering board consisting 
of the City Engineer and a member 
from each of the participating firms 
has directed the work, with A. M. 
Rawn, Chief Engineer, Los Angeles 
County Sanitation Districts acting as 
a special consultant. The design of 
the project is nearing completion. 


Sewers of Portland 
“The sewers of Portland, 61 in num- 


ber, are of the combined type. Fifty 
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FIGURE 7.—Typical discharge of the Columbia River. 


of these discharge directly into the 
Willamette River and eleven into Co- 
lumbia Slough; their sizes range up 
to 10 ft. in diameter. Figure 5 illus- 
trates some of the more important 
sewers, and in a general way indicates 
the natural drainage of the area. As 
would be expected the point of dis- 
charge of most of the sewers is below 
or near low water level in the river. 


Interception Studies 

After a study of the sewer system 
the logical solution to the interception 
of the sanitary sewage seemed to be 
the vonstruction of intercepting sewers 
paralleling the river at a low level. 
Where the depth of the interceptor 
became excessive a pumping station 
could be built to lift the sewage and 
again flow would be by gravity until 
it became necessary to lift the sewage 
again. Such a scheme was visioned 
by those who had considered the prob- 
lem. However, local engineers consid- 
ered the possibility of high level in- 
terceptors, as did the ‘‘Wolman 
Board,’’ which stated in its report: 





“Tt still remains to be demonstrated, for 
example, whether all of the sewage should 
be collected by low level interceptors, by 
high level interceptors, or by combinations 
thereof. ... Preliminary studies which 
the Board has undertaken since its arrival 
in Portland and similar studies by engi- 
neers concerned with the problem made 
prior to our arrival, give support to the 
hope that a combination of high level 
gravity and low level pumping intercep- 
tors will yield the greatest economy for 
the future.” 


The low level intercepting system 
is indicated in Figure 6 and is shown 
by dashed lines. Numerous problems 
became apparent from the beginning. 
The location of the interceptor below 
river level introduced problems in the 
design and operation of diversion de- 
vices. To intercept low rates of flow 
and permit the higher storm rates to 
flow down the sewer is not too diffi- 
cult. There is a complication intro- 
duced by backwater from the river 
into the sewer, however, with and with- 
out storm water runoff. During May, 
June, and July the Columbia River is 
in flood (Figure 7) and water is backed 
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FIGURE 8.—Original and final location of the interceptor on the east side in the heart 
of the city. 


up in the channel of the Willamette 
River. Floods on the Willamette 
River occur mostly in winter. These 
conditions would not permit runoff 
from storms passing beyond the diver- 
sion devices without first flooding the 
interceptor. 

Also, the low level intereeptors as 
proposed were to pass under the 
sewers near the river, which required 
construction below river level. The 
interceptors would have had to be 
built through unstable ground consist- 
ing of old, filled sloughs. These origi- 
nal sloughs and adjacent low grounds 
were filled with sawdust, slabwood, 
brickbats, and miscellaneous debris, 
making the route anything but desir- 
able for the location of large and deep 
sewers. 

Figure 8, which was prepared from 
an old drawing made by Rudolph 
Hering in 1891 when he designed a 
comprehensive sewer system for East 
Portland, illustrates the extent of the 
sloughs and low ground that once ex- 
isted in the heart of the east side. At 





one time Union Avenue was supported 
by pile trestles for a portion of its 
length. The low level intercepting sys- 
tem required the route to traverse a 
creat part of the various sloughs along 
the river on both sides. A study of 
old maps and information gained from 
responsible older residents definitely 
indicated that difficult construction 
would be encountered if the low level 
interceptors were to be built. 
Fortunately, most of the sewers of 
Portland have fair grades near their 
points of discharge, and the points of 
diversion generally did not have to be 
placed an unreasonable distance from 
the river. Only for the Sullivans 
Gulch sewer was it necessary to locate 
the diversion at a considerable distance 
from the river, and that was to save 
the pumping of the sewage. This di- 
version sewer is mostly in tunnel and is 
approximately 3,000 ft. long. The 
maximum sanitary flow to be inter- 
cepted by this one diversion is esti- 
mated to be 12.7 m.g.d., ineluding 5.2 
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m.g.d. previously intercepted from the 
Stark Street sewer. 

The scheme of high level intercep- 
tion is shown in Figure 6 along with 
the low level routes. The interception 
of the sewage at the higher level per- 
mitted almost all of the sewage origi- 
nating north of Sullivans Gulch to 
reach the Columbia River by gravity. 
The sewage from the west side and 
that originating south of Sullivans 
Gulch must be pumped. The estimated 
maximum volume of sewage to be 
pumped is 118 m.g.d., of which only 
7.2 m.g.d. will be pumped twice. The 
remainder, or 57 m.g.d., will flow by 
gravity to the Columbia River. The 
areas from which the sewage will flow 
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by gravity and from which it must be 
pumped are shown in Figure 9. 

Due to the high level interception it 
has been necessary to provide small 
intercepting sewers and pumping sta- 
tions to lift the sewage in a few minor 
areas to the main interceptor. In some 
cases it has been necessary to design 
new sanitary sewers (or storm sewers 
if such seemed more feasible) to sepa- 
rate the sewage. In all cases, however, 


the pumping stations are expected to 
handle relatively small quantities of 
sewage, and the stations have been de- 
signed to operate as fully automatic 
as possible so that an attendant will 
not be necessary except for routine 
visits. 
















































































FIGURE 9.—Map of city showing areas from which the sewage will flow to the 
Columbia River by gravity and by pumping. 














Use of Existing Sewers 


Existing sewers have been used to 
advantage. The routes of the Stark 
Street and Sullivans Gulch sewers ap- 
proach each other near 50th Street 
and, since the former at this point is 
sufficiently higher than the other, a 
gravity diversion has been planned to 
intercept 5.2 m.g.d. This flow will 
pass to the Columbia River by gravity 
via the Sullivans Gulch sewer and 
through a diversion to the main inter- 
ceptor. 

The sewage (estimated at 3.5 
m.g.d.) originating below the diver- 
sion point on the Stark Street sewer is 
to be intercepted by the main inter- 
ceptor and pumped at the Sullivans 
Gulch pumping station. In the south 
part of the city the sanitary sewage 
from the Lents trunk sewer is to be 
diverted by gravity to the Insley sewer 
through which it will flow for over a 
mile before the sewage is picked up 
at the diversion for the Insley sewer. 
Also, two small pumping stations are 
planned to have their discharge trans- 
ported by the same Insley sewer. 

The large Front Avenue intercept- 
ing sewer, constructed to carry pri- 
marily storm flow to the Ankeny 
Street pumping station, is to be used 
to concentrate all of the west side 
sewage at the same pumping station, 
from which it will be pumped to the 
main interceptor on the east side of 
the river. All of the existing sewers 
utilized in this manner are fairly large 
and will not be overloaded except pos- 
sibly during heavy storms. 


Willamette River Siphon 


Two of the originally proposed in- 
verted siphons under Willamette River 
have been eliminated by concentrating 
all of the sewage originating on the 
west side (except from the Linnton 
area) at the existing Ankeny Street 
pumping station. -From here the sew- 
age is to be pumped through an in- 
verted siphon to the main interceptor 
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on the east side. It then will flow by 
gravity to Columbia River. 

Two cast-iron pipes, 30 and 42 inches 
in diameter, will form the siphon. 
These will have mechanical joints and 
are to be laid in a trench in the bot- 
tom of the river with approximately 
10 ft. of cover. The Willamette River 
is quite deep and at this point the two 
lines must be placed 65 ft. below low 
water. 


Ankeny Street Pumping Station 


There are five pumps in the exist- 
ing Ankeny Street Station: three 
30,000-g.p.m. and two 10,000-¢.p.m. 
units. The three large pumps are 
of the single vane type and the two 
smaller units are 18-in. non-clog 
pumps. They operate against a total 
dynamic head range from zero to 
about 20 feet. One of the 30,000- 
g.p.m. units is to be removed and two 
smaller vertical pumps installed in its 
place. 3 
Each unit is to be driven by a 
double synchronous motor providing 
two operating speeds. The smaller 
unit is to be a non-clog and will pump 
7.5 and 15 m.g.d. depending upon the 
speed at which it is to be operated. 
The larger unit is to be a mixed flow 
pump and will have operating capaci- 
ties of either 20 or 35 m.g.d. Thus the 
total capacity of the station will be 
increased. However, these new units 
will normally pump to the east side 
interceptor while the remaining pumps 
will be used as heretofore to pump 
storm water to the river. The total 
dynamic head range agatnst which the 
new units are to operate is from 45 to 
56 feet. 


Outfall Siphons 


Two inverted siphons are required 
for the outfall sewer: one shallow 
siphon is to be constructed under Co- 
lumbia Slough and a deeper one under 
Oregon Slough. The former will be 
15 ft. below low water while the other 
must be 40 feet. These requirements 
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54-INCH REINFORCED CONCRETE 


SEWER SIPHON 


FIGURE 10.—Proposed reinforced concrete sewer joint to be used at inverted siphon. 


were set up by the Port of Portland 
and the U. S. Army Engineers in order 
that river traffic will not be adversely 
affected. 

The siphons are to be made by con- 
structing two precast conerete pipe 
lines; one line is to be 54 and the other 
72 inches in diameter. The pipe prob- 
ably will be cast in lengths of 20 ft. 
and two units assembled on shore and 
then lowered as a single unit into a 
prepared trench in the bottom of the 
slough. The type of joint has not 
been definitely selected but favorable 
consideration is being given to the one 
shown in Figure 10. 


The Intercepting System 


The final location of the interceptor 
system is shown in Figure 11. The 
relative lengths of open eut and tun- 
nel are indicated. The main tunnel 
through the Peninsula is a little over 
17,000 ft. in length and is to be con- 
structed as an 8-ft. horseshoe section of 
monolithic econerete. The tunnel im- 
mediately ahead of the main pumping 
station at Sullivans Gulch is to be a 
6-ft. horseshoe sewer. The other tun- 
nels showr will contain either precast 
concrete sewer pipe or a special mono- 
lithic section approximately 3.5 by 5.5 
feet. The large sewers in open cut are 


tv be semi-elliptical in section, the 
largest being 8.5 ft. in diameter from 
the end of the Peninsula tunnel to the 
treatment plant. The outfall is to be 
an 8-ft. semi-elliptical sewer except 
for the siphons. 

Since the Portland sewers carry 
both sanitary sewage and storm waters 
from streets and roofs, diversion struc- 
tures have been designed to take the 
maximum of the sanitary sewage plus 
allowances for infiltration, future 
erowth, and a small amount of the 
initial storm water. A small amount 
of storm water is to be intercepted, 
since it seemed desirable to divert the 
initial washings of the streets to the 
interceptor system. At times of heavy 
storm runoff it is anticipated that the 
interceptor system may be filled. This 
permits carrying the greatest practi- 
cable volume of combined sewage to 
the Columbia River. As the city 
erows and the sanitary flow increases 
the volume of this excess storm water 
will be reduced. 


Diversion Devices 


The problem of the diversion of 
sanitary sewage from the combined 
sewers of the city made it desirable to 
have a diversion device that would 
limit the volume of sewage diverted 
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FIGURE 11.—The intercepting sewer location. 


and prevent most of the grit from en- 
tering the interceptor system. Vari- 
ous devices for the diversion of sani- 
tary flow were considered. Among 
these were those developed by the 
cities of Milwaukee and Chicago, and 
the various devices that can be pur- 
chased through manufacturers. The 
Chieago tilting gate unit is an im- 
proved Milwaukee diversion device. 
These gates can limit the flow to the 
interceptor system reasonably satis- 
factorily, but they divert practically 
all the grit into the interceptor. 
Inasmuch as the known diversion 
devices were not designed to prevent 
grit from entering the interceptor, a 
new type was proposed and model 





studies of its actions were made in a 
local hydraulic laboratory. This de- 
vice ‘consisted of a horizontal orifice 
placed along the side of the sewer and 
at the same elevation as the sewer in- 
vert. To reach the orifice the sewage 
backed up behind a dam in the main 
sewer channel and flowed over a long 
curved lip which had its crest about 
145 of the sewer diameter above the in- 
vert. Any grit in suspension would, 
of course, be carried over and into 
the interceptor. However, the heavier 
grit on or near the bottom would be 
prevented from passing over the lip 
into the interceptor. As the storm 
flow increases and overflows the dam, 
the grit previously accumulated be- 
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hind the dam will be washed over it 
and into the river. 

The model studies proved successful 
and a full seale diversion structure 
was constructed in the 36-in. by 36-in. 
Kenton sewer. The diversion con- 
sisted of a U-shaped structure in the 
side of the sewer. Figure 12 shows 
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the diversion structure and orifice 
plate in operation. Figure 13 shows a 
much larger flow passing through the 
orifice. The orifice plate shown is 16 
inches in diameter and is placed on 
top of the flange of an 18-in. cast-iron 
pipe 90° elbow which is connected to 
an 18-in. diversion sewer. It was 





FIGURE 12.—Full scale diversion model for the Kenton Sewer with 16-in. orifice 
plate in position. 





FIGURE 13.—The Kenton sewer diversion structure showing a high rate of flow passing 
through the diversion orifice. i 








found that without any orifice plate 
the 18-in. sewer with a normal slope 
had a eapacity greater than the orifice 
with the vortex. With the large di- 
versions (18-in. orifice plates and 
larger) it may be desirable to reduce 
the vortex action which can be done 
and thus the discharge through the 
orifice inereased by increasing the 
ratio of the orifice size to that of the 
surrounding chamber. 


Small Pumping Stations 


Twelve small pumping stations are 
required to lift the sanitary sewage 
originating below the gravity diver- 
sions to the main interceptor. These 
are to be fully automatic. All consist 
of one set of duplex units which auto- 
matically sereen the sewage. Some of 
the stations have additional units to 
pump excess flows caused by infiltra- 
tion and storm water entering the 
system. Where possible the storm 
flow units pump the water directly to 
the river. 

Figures 14 and 15 show the general 
design of the Montana Street Pump- 
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ing Station, which is fairly typical, 
This station consists of the duplex 
units plus one 2,000 g.p.m. pump that 
is anticipated to be required during 
excessive storm flows. The sewage is 
screened prior to passing to the wet 
pit by the regular screens of the duplex 
units or by a_ horizontal overflow 
screen providing sufficient capacity for 
the maximum anticipated flow. 

A few of the small stations have two 
wet pits. The duplex units operate 
from one wet pit and the storm pumps 
from the other. The storm pumps are 
large non-clog units and are to be pro- 
tected by coarse screens with 2%-in. 
openings. 

The twelve small stations will not 
require an attendant except for rou- 
tine visits to see that all equipment is 
operating satisfactorily and to remove 
screenings accumulated on the coarse 
screens where these are used. From 
an operating standpoint it has seemed 
desirable to provide that all small 
pumping stations require as_ little 
maintenance and attendance as pos- 
sible. 
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FIGURE 14.—Plan of the Montana Street pumping station, 
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FIGURE 15.—Sectional elevation of the Montana Street pumping station. 


Main Pumping Stations 


There are to be two main pumping 
stations in the system: the Ankeny 
Street station which has been de- 
scribed and the Sullivans Gulch sta- 
tion. The sewage originating south of 
Sullivans Gulch on the east side will 
be lifted approximately 32 ft. at the 
Sullivans Gulch pumping - station. 
From here it will flow to the Columbia 
River by gravity. This station is to 
have a maximum capacity of 60 m.g.d. 





Treatment of Sewage 


The sewage from the city is to have 
primary treatment as recommended by 
the Wolman Board. With a minimum 
flow of 75,000 e.f.s. the Columbia 
River has a tremendous volume for 
the disposal of sewage by dilution. It 
is agreed by the health authorities and 
by most of the engineers that have 
been connected with the local prob- 
lem, however, that primary treatment 
to remove the floating material and a 


reasonable proportion of the settleable 
solids is desirable. 

The estimated flows of sewage to be 
treated are 40 m.g.d., 60 m.g.d., and 
75 m.g.d. for the minimum, average, 
and maximum, respectively. The units 
are designed hydraulically to handle 
a maximum flow of 155 m.¢.d.. 

The sewage will be passed through 
mechanically cleaned bar screens with 
l-in. openings followed by standard 
erit channels and sedimentation basins. 
The sludge is to be digested in four 
90-ft. diameter digesters equipped with 
floating covers. 

In the outlet end of each of the four 
trapezoidal grit channels is a specially 
designed weir that will maintain 
virtually a constant velocity through 
the channel regardless of the depth of 
flow. The shape of this weir was de- 
rived mathematically and then verified 
by model studies. It will have adjust- 
able features, however, so that it can 
be set by trial if this is found to be 
necessary. 

The flow through the plant will be 
measured by two Venturi meters lo- 
cated between the grit channels and 
the sedimentation basins, with regis- 
tration to be in the control building. 

Sedimentation capacity is based 
upon 1% hours detention at the aver- 
age design flow. The settling tanks 
will be of the rectangular type with 
four basins 58 ft. by 225 ft. and will 
be 10 ft. deep, each to have three bays 
with collector mechanisms. Cross col- 
lectors are to be provided to concen- 
trate the sludge to the sludge wells. 

Sludge is to be pumped by pneu- 
matic ejectors to a preheating tank 
from which the steam-heated raw 
sludge will be pumped to the digesters. 
Four digesters of 90-ft. diameter are 
to be provided. Each digester may be 
operated as a primary or secondary 
unit. It is anticipated that three units 
will be used as primary tanks and the 
fourth as a secondary. All digesters 
are to be equipped with devices for the 
continual or intermittent withdrawal 
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of supernatant liquor. It is proposed 
to have two floating and two gas holder 
covers, and the design is such that 
they may be made by local fabricators, 


Disposal of Sludge 


There are very few unusual features 
of the treatment plant or of the proc- 
ess to be used. In all respects it is a 
standard primary treatment plant. 
One special feature of the process, 
however, is the proposed method for 
the disposal of the digested sludge. 

Open drying beds were not consid- 
ered feasible due to the large volume 
of sludge expected and the climatic 
conditions of the area. Covered beds 
would be an improvement but the 
area still would have to be large. The 
production of fertilizer is being left 
for future consideration. 

For the early periods of operation 
the digested sludge will be mixed with 
the effluent and discharged into Co- 
lumbia River. A system of sampling 
and analysis will be set up to gather 
data as to the efficiency and desira- 
bility of this method of sludge disposal. 
Reference is made to a paper on this 
subject by A. M. Rawn and E. J. 
Candel, presented before the Sanitary 
Engineering Division of the American 
Society of Civil Engineers at its 1947 
Spring Meeting in Phoenix, Ari- 
zona (4). 


Construction 


In the spring of 1946 bids were in- 
vited on the intercepting sewer and 
some deep sanitary sewers along Co- 
lumbia Slough. This included the 
short tunnel and all sewers along 
Columbia Slough east of the main in- 
terceptor (Figure 11). The low bid 
was $492,000, which was 42 per cent 
above the Engineer’s estimate. This 
same unit then was divided into three 
contacts and bids again invited in June, 
1947. The Engineer’s estimate was 
revised and placed at $460,000, and 
the low bid at the second invitation 
was $458,000. 
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ed At the same time bids were received 
ws on the two small pumping stations 
a 


for this unit of the interceptor sys- 


tem. These bids were $15,000 per 

station above the Engineer’s estimate 

of about $44,000. The City Council 
ti accepted the bid for the sewers and 
: rejected the bids on the pumping sta- 
: tions. Bids on these stations will be 
. invited later, probably with some modi- 
; fication of the schedules. 


Based upon the estimates made fol- 
lowing the first invitation of bids the 
total cost of the project is anticipated 
‘ to reach $14,500,000. Had it not been 
for economies in the final plan over 
that originally contemplated, the pres- 
ent anticipated cost of the project 
would exceed the above estimate by 


ss aaa 
some 3 million dollars. 
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The first work has been started. The 
construction program should continue 
with additional contracts awarded as 
the work progresses. It is unlikely 
that bids will be called faster than 
local contracting firms can absorb this 
particular type of work. 
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MANOMETRIC MEASUREMENT OF THE 


BIOCHEMICAL OXYGEN DEMAND 
OF SEWAGE * 


By D. H. CALDWELL anpD W. F. LANGELIER 


Respectively, Assistant Sanitary Engineer, California State Department of Health (Presently, 
Partner, Brown and Caldwell, Civil and Chemical Engineers, San Francisco, Calif.) 
and Professor of Sanitary Engineering, University of California, Berkeley, Calif. 


The manometric technique sugges- 
ted in the title of this paper relates 
to a group of methods now firmly es- 
tablished and widely used in micro- 
biology and in the study of tissue 
metabolism. Some of these methods 
have been tried in sewage research, 
but to date little progress has been 
made in adapting them for routine use 
in sewage laboratories. It is the pur- 
pose of this paper to describe the 
characteristics of this type of appa- 
ratus and to discuss its adaptability 
to the estimation of the pollutional 
strength of sewage and similar wastes. 

The studies were conducted in the 
Sanitary Engineering Laboratories of 
the University of California in cooper- 
ation with the Bureau of Sanitary En- 
gineering of the California State De- 
partment of Health. The Bureau, 
under the direction of C. G. Gillespie, 
purchased much of the equipment and 
lent the services of the first-mentioned 
author. The work was begun in 1942, 
and most of the data presented herein 
were completed the following year. At 
that time the work was interrupted, 
and it is only now being resumed. The 
studies are of a preliminary nature, 
but it is believed that the conclusions 
already derived are’ of sufficient im- 
portance to warrant publication at this 
time. 

Standard Method for the Measure- 
ment of B.O.D. 


The biochemical oxygen demand of 
sewage can be defined as the free oxy- 


* Presented at the Twentieth Annual Meet- 
ing, Federation of Sewage Works Associa- 
tions; San Francisco, Calif.; July 24, 1947. 


202 


gen consumed during its aerobic bio- 
chemical stabilization under specified 
conditions of time, temperature, and 
dilution. The standard test procedure, 
originally proposed for sewage plant 
effluents, is subject to several well- 
known defects or imperfections, espe- 
cially when applied to crude sewages 
and trade wastes. In spite of these. 
however, the test results are regarded 
as the best available criteria of sewage 
strength for use in estimating plant 
loading as well as in estimating the re- 
quired dilution of plant effluents. 
Many long and laborious investigations 
have been made in attempts to improve 
the method and to interpret the true 
significa’ ce of the test results. 

The standard test procedure re- 
quires the use of several varying di- 
lutions f the sample with specially 
prepared aerated water. These dilu- 
tions are incubated usually for a period 
of five days at 20° C. The B.O.D. is 
calculated from the loss of dissolved 
oxygen during incubation. The need 
for variable dilutions arises from the 
limited capacity of water to hold oxy- 
gen in solution. This is an objection- 
able feature of the test procedure, not 
only because it involves extra work 
and ineubator space but also because 
it frequently happens that when the 
results of two different dilutions are 
compared they do not agree, and an 
arbitrary selection of the most prob- 
able correct result must be made. An- 
other serious objection to the standard 
procedure is that the recommended in- 
cubation period of five days is in- 
conveniently long and thus sometimes 
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precludes the use of the data in con- 
trolling certain of the daily operations 
of a treatment plant. It will be shown 
that the proposed manometric method, 
partly because it provides a more ade- 
quate reservoir of oxygen and thereby 
eliminates the necessity for high dilu- 
tions, overcomes several of the more 
objectionable features and deficiencies 
of the standard method. 


Principles of Manometric Measure- 
ment in Cell Respiration 


Instruments designed for the meas- 
urement of small quantities of gas, 
either absorbed or evolved in biochemi- 
cal reactions, are called ‘‘respirom- 
eters.”? In general, the apparatus 
comprises a constant temperature wa- 
ter bath equipped with a _ shaking 
mechanism to which are attached a 
number of sample flasks, each with a 
manometer for indicating changes in 
gas volume. Basically, four different 
types of apparatus have been perfected 
and are in common use. They can be 
designated as the Haldane, Barcroft, 
Warburg, and Fenn types. The Fenn 
type of apparatus, strictly speaking, 
is volumetric and not manometric but 
is ineluded here because of similarities 
in design and use. 

The Haldane apparatus is a con- 
stant-pressure type and, because of 
its relatively cumbersome bulk and 
inconvenience in use, it is the least 
well-adapted for measurements of 
cell respiration. As with the Orsat 
gas analysis apparatus, a leveling bulb 
is an essential part of the unit. In its 
later modifications, an automatic com- 
pensation for temperature and barom- 
eter changes is provided by the inelu- 
sion of a control flask and a second 
manometer. 

Reviews of modern practice in mano- 
metric techniques employed in meas- 
uring cell respiration often fail to 
mention the Haldane apparatus. Ref- 
erence is made to it here because 
various modifications of the Haldane 
apparatus have been used by Adeney 
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(1), Sierp (2), Lovett and Garner 
(3), Falk and Rudolfs (4), Heukele- 
kian (5), and others for measuring 
the B.O.D. of sewage. These methods 
possess some advantages over the 
standard dilution method, especially 
as applied to industrial sewage; but 
the authors believe that the Barcroft 
and Warburg methods, because of their 
greater accuracy and adaptability in 
measuring rates of reaction and be- 
cause they afford greater convenience 
in making a number of parallel de- 
terminations, will be found to be con- 
siderably more useful in the sewage 
works laboratory. 
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FIGURE 1.—The Barcroft 

Manometer (left). 

FIGURE 2.—The Warburg’ Constant- 
Volume Manometer (right). 


Differential 


The Barcroft monometer is_ illus- 
trated in Figure 1. It consists essen- 
tially of a reaction flask and a con- 
trol flask, interconnected with a U- 
shaped graduated capillary manometer 
equipped with stopcocks to equalize 
pressure in each flask at the start of 
a test. The flasks are commonly of 
35-ml. capacity and each has a small 
compartment for holding a CO, absorb- 








ent. In use, -a measured volume of 
the sample of about 1 to 3 ml. is placed 
in the reaction flask, and a measured 
volume of clean water is placed in the 
control flask. With both stopeocks 
open, the unit is attached to the shaker, 
and the flask contents are brought into 
equilibrium with the atmosphere at the 
temperature of the bath. 

It will be seen that slight changes 
in the temperature of the water bath 
in which the flasks are submerged will 
affect the pressures in both flasks 
equally. Also, after the stopcocks are 
closed, changes in barometric pressure 
will not alter the pressures inside. 
Accordingly, after any interval of 
time, the difference in the levels of 
the fluid in the two arms of the mano- 
meter is directly related to the differ- 
ence in oxygen consumption in the two 
flasks. In order to calculate the value, 
it is merely necessary to multiply the 
difference in manometer readings by 
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the ‘‘flask constant.’’ This constant 
is readily obtained either by experi- 
ment or by calculation, and for a given 
pair of flasks it will vary only with 
the volume of sample used. 

The practicability of measuring the 
B.O.D. of sewage with this type of ap- 
paratus is believed to have been first 
demonstrated in 1936 by Wooldridge 
and Standfast (6) in England. These 
authors made numerous tests of sewage 
and sewage effluents, and measured the 
activity of activated sludge. Their 
work was thorough and conclusive. 
That it has not received more attention 
in this and other countries is surpris- 
ing. 

The Warburg constant-volume man- 
ometer, which the present authors se- 
lected for its possible adaptation to 
sewage studies, is illustrated in Figure 
2. It differs from the Barcroft differ- 
ential manometer in that it comprises a 
single reaction flask attached to a U- 





FIGURE 3.—Differential type volumeter specially designed for sewage testing. 
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FIGURE 4.—Simple volumeter specially designed for sewage testing. 


shaped capillary manometer, the other 
end of which is open to the atmosphere. 
In practice, a number of these manom- 
eters is used in conjunction with a 
single independent control flask and a 
manometer for barometric and temper- 
ature compensation. 

In the use of the Warburg manom- 
eter, the fluid in the closed arm is 
adjusted to a constant level at the 
time of each reading. This is readily 
accomplished by the provision of a 
small compressible fluid reservoir lo- 
cated at the bottom of the ‘‘U.’’ The 
level of the fluid in the open arm is 
then read, and to this reading is added 
any change in atmospheric pressure as 
indicated by the control flask manom- 
eter. As with the Bareroft manom- 
eter, the reading, multiplied by the 
flask constant, gives the weight or vol- 
ume of the oxygen absorbed. The de- 
gree of precision obtainable is equal 
to that of the Barecroft manometer, and 
the method is equally applicable for 
measuring rates as well as total gas 





produced or consumed. A distinct ad- 
vantage of the Warburg manometer re- 
lates to compactness. <A standard wa- 
ter bath, 28 by 12 in. in plan, will 
accommodate 14 Warburg manometers 
(13 samples), whereas it will accommo- 
date only 8 Barcroft manometers. 

The Fenn respirometer embodies the 
basic principles of the Barcroft ap- 
paratus. In this instrument, however, 
the two flasks are connected by a hori- 
zontal capillary tube containing an oil 
drop, the movement of which is pro- 
portional to the gas absorbed. This 
type of apparatus has been developed 
as a micro instrument for the estima- 
tion of minute quantities of gas ex- 
change. The authors believe, however, 
that it can be used to advantage in 
sewage testing, and work with it has 
been started (Figures 3 and 4). 

Since most of the work to date has 
been with the Warburg type of manom- 
eter and since no published references 
to its previous use in the analysis of 
sewage, sewage sludges, or sewage and 
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trade-waste mixtures have been found, 
the theory and use of this apparatus 
is discussed in detail. 


Adaptation of Warburg Apparatus to 
the Determination of B.O.D. 


The first apparatus used in these 
studies was a standard 14-manometer 
unit, maufactured by the American 
Instrument Company of Silver Springs, 
Md. This apparatus comprises a wa- 
ter bath with electric thermoregulator 
and motor stirrer. The manometers 
are mounted on supports which impart 
to them a reciprocating motion neces- 
sary in maintaining oxygen saturation 
of liquid specimens. The only altera- 
tion found desirable was the replace- 
ment of the standard 15-ml. flasks by 
larger 125-ml. flasks as shown in Fig- 
ure 2. 

During the course of the studies, a 
second apparatus holding 8 manom- 
eters was constructed from standard 
laboratory equipment (Figure 5). 
This unit comprises a circular glass 
water bath 12 in. in diameter and 
equipped with a 300-watt heating ele- 
ment, motor stirrer, and thermoregu- 
lator. The manometers were made 
locally from Pyrex capillary tubing of 
l-mm. bore and standard-taper 125-ml. 
pyrex flasks. These are mounted on 
vertical graduated supports attached 
to the rim of a revolving circular sup- 
port. In operation, the manometers 
are subjected to a reciprocating motion 
by a 1/50-h.p. electric motor with 
speed reducer and simple crank mech- 
anism located underneath the manom- 
eter support. 


Theoretical Principles 


The theory of the Warburg manom- 
eter, as used in the measurement of 
B.O.D., involves the following con- 
siderations: 

Let v =the volume of oxygen con- 
sumed in ml. at N.T.P. 
the corresponding weight of 
oxygen consumed in p.p.m. 


ll 


Ww 
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h = the corresponding reading of 
the manometer in cm. of 
water 

the total volume of gas in the 
flask, connecting tube, and 
manometer, to the level of 
the manometer-fluid refer- 
ence point, in ml. 

absolute temperature of bath 
(t° C. + 273) © 

initial oxygen pressure in 
flask in cm. water 

normal pressure in cm. water 
(1,030) 

a = volume of oxygen, at N.T.P., 

absorbed by one ml. of 
water at temperature 7’, 
when the pressure of the 
dry gas is 760 mm. Hg, 
in ml. 


V, 


‘hd 


P 


ll 


Py 


From definition of terms, 
Oxygen initially present in gas 
Vv 273 P 
space = V,—=->° 
r ¥, 
Oxygen initially dissolved in 
ae 
sample = Vya P.’ 
o 
Assuming complete absorption of 
CO, evolved during test, 


Oxygen finally present in gas 


, 248  P—h 
space = Vo Xp 


Oxygen finally présent in 
_ P-h 
sample = Vya -_—” 


Since the total volume of oxygen 
finally present must equal the total 
volume initially present less v, the vol- 
ume of oxygen consumed, 

P=—hj. 272 
P *( J O° T 5 a Via) 
Pf ., 273 ; 
- 5 (v.72 + Vie) -» 
from which 


273 
V, in + Vya 
v=h a (1) 
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FIGURE 5.—Circular Warburg apparatus made from standard laboratory materials. 


In this equation v is the oxygen con- 
sumed, in ml. In order to express the 
results in parts per million by weight, 


_ 3.2 X10 vw 
23x wo ¥,’ 


——_ (ee Yet) oe 
w= 4 oP, * P. V; 


If V; does not exceed 10 per cent of 


Ww 


or 





r 





, V ' 

V,, the value of the term — will be 
‘. 273V, 
less than 0.5 per cent of the term TP.” 


and can be neglected. Also, if the tem- 


perature of the bath is held at 25° C., 


V, ., 2.73 X 10° X 1.43 X 108 
V;°* 2.98 X 10? X 1.03 X 10%” 








w = 


or 
w=h ( 1.97 7): (2) 
Vy 


The expression within the bracket is 
designated as the ‘‘flask constant,” and 
for a given flask it will vary only with 
the volume of sample used and the 
temperature of the bath. 

It should be noted that in the above 
considerations the effect of the nitrogen 
of the air is neglected. This is because 
its partial pressure in the air space and 
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its concentration in the sample remain 
constant throughout the test period and 
therefore would cancel out from the 
equation. 


Calibration of Manometers 


The manometer units (Figure 2) are 
designed for the use of air rather than 
of pure oxygen as the means of oxy- 
gen supply. The removable reaction 
flasks are made with standard taper 
joints and are interchangeable. In 
practice, however, since it is necessary 
to know the exact air volume of each 
manometer unit, each flask is numbered 
and calibrated to correspond to a par- 
ticular manometer. 

Prior to the initial use of a manom- 
eter unit, it is necessary to calibrate it 
for total air space in the reaction flask 
and manometer under the conditions 
of use. This is easily accomplished by 
weighing the unit, both when empty 
and when filled with water of known 
temperature, after which a correction 
is made for the volume occupied by the 
sample and the absorbent to be used 
in the test procedure. 

The gage fluid used in these studies 
was distilled water, to which had been 
added a wetting agent, a few drops of 
fluorescein as coloring agent, and a 
trace of thymol to prevent mold 
growth. 

Two types of CO, absorbent con- 
tainers were used. The one shown in 
Figure 2 is made by fusing a 2.5-ml. 
shell vial to the bottom of the reaction 
flask. This type of container is suit- 
able for holding a liquid absorbent as, 
for example, 10 per cent KOH. A 
detachable container suspended inside 
the flask and containing soda-lime was 
used in some of the studies. Both 
types proved to be about equally satis- 
factory. 


Preliminary Studies 


The standard specifications of the 
B.O.D. test involve a much longer in- 
cubation period than has been custom- 
ary in the use of the Warburg ap- 
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paratus. Accordingly, at the outset of 
this investigation, it was necessary to 
consider certain factors which would 
affect the precision or dependability 
of the method as applied to sewage 
testing. The factors which seemed to 
demand particular attention were (1) 
estimates of appropriate sample vol- 
ume and its relation to the size of the 
reaction flask, (2) rate of oxygen dif- 
fusion into liquid as related to shak- 
ing speed, (3) removal of CO, or other 
byproduct gases, (4) desirability of 
buffering sample and (5) reproduci- 
bility of results. Most of these factors, 
as related to general respirometer 
work, are discussed in manuals on 
manometric techniques by Dixon (7) 
and by Umbreit, Burris and Stauffer 


(8). 
Sample and Flask Volume 


Reference to Equation 2 shows that 
when the ratio of air to liquid volumes 
equals 10, a maximum _ permissible 
manometer reading of 30 em. indicates 
an absorption of 30 X 1.27 x 10 = 381 
p.p.m. of oxygen. Thus if a standard 
Warburg flask of approximately 15-ml. 
total capacity were used in sewage 
work, a sample volume of only 1 ml. 
or 2 ml. would represent the maximum 
volume of undiluted normal sewage 
which could be used without exceed- 
ing the eapacity of the manometer. 
Although sewage samples of such vol- 
ume can be accurately measured, it 
seemed that in routine sewage testing 
the use of larger samples would be 
advantageous from the standpoint of 
both flexibility and ease of manipula- 
tion, without sacrifice of precision. 
Accordingly, the manometers were 
equipped with relatively large flasks. 
As shown in Figure 2, standard taper 
24/40 interchangeable Erlenmeyer 
flasks of 125-ml. capacity were em- 
ployed. These flasks and their con- 
necting joints provide a total capacity 
of approximately 150 ml. Assuming 
that the 30-em. manometers can be read 
accurately to the nearest millimeter, 
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the range of the apparatus in terms 
of B.O.D. for varying sample vol- 
umes can be calculated by the use of 
Equation 2. These data are shown in 
Table I. 

TABLE I.—Range of B.O.D. Using Warburg 


Manometers Fitted with 125-ml. 
Reaction Flasks 











B.O.D., 
Sample Air B.O.D. P.P.M 

Volume Volume Range per Mm 

(ml.) (ml.) (p.p.m.) of Scale 

Division 
10 140 0-500 2.0 
20 130 0-230 1.0 
30 120 0-140 0.5 
40 110 0-100 0.4 
50 100 0-70 0.3 
75 75 0-35 0.2 














Oxygen Supply and Demand as Re- 

lated to Shaking 

Because of the slight solubility of 
oxygen in water which is in contact 
with air at atmospheric pressure, un- 
der the conditions of the test it is es- 
sential that the rate of oxygen demand 
shall not exceed the rate of supply by 
diffusion. Dixon and Elliott (7) have 
investigated this matter for general 
respirometer work. They report that 
in standard Barcroft flasks—not un- 
like the flasks used in these Warburg 
units—shaking at the rate of 210 oscil- 
lations per min. was adequate to satisfy 
a maximum oxygen demand rate of 0.8 
ml. per hour. By substituting this 
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value in Equation 1, it is found that 
it corresponds to a maximum change 
in manometer reading of 6.5 em. per 
hour under the conditions of test pro- 
cedure. That is, test readings ap- 
proaching this value would indicate 
that the demand for oxygen could be 
in excess of the rate of supply by dif- 
fusion. If a standard 10-ml. sample 
is used, substitution of this limiting 
value of h in Equation 2 indicates an 
equivalent 1-hr. B.O.D. of 116 p.p.m. 
Assuming the normal reaction velocity, 
the 5-day demand could be expected to 
equal approximately 100 times the 
maximum hourly demand. It can be 
concluded therefore that the rate of 
oxygen supply as stated by Dixon is 
considerably greater than the maxi- 
mum rate of demand likely to be re- 
quired under the procedure described. 

Because provision for continuous me- 
chanical shaking somewhat complicates 
the design of the manometric appara- 
tus, and because (as in the Sierp 
method) attempts have been made to 
employ modifications of the apparatus 
without continuous shaking provision, 
it seemed desirable to obtain by direct 
experiment a closer estimate of the 
shaking requirements. The results of 
2 series of experiments designed for 
this purpose are shown in Figures 6 
and 7. In Figure 6 it will be noted 
that when the shaking speed was set 
at 75 oscillations per min., identical 
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FIGURE 6.—Results of experiments with Warburg apparatus designed to establish 
limiting rates of oxygen demand measurement for various degrees of shaking. 








values of B.O.D. were obtained for all 
sample volumes tried. This can be 
taken to indicate that the supply of 
oxygen was equal to or greater than 
that which the maximum demand in- 
dicated. When the shaking speed was 





é 
Somple Volume - m/ (/§0m/ “lask) 


FIGURE 7.—Data from Figure 5 re- 
plotted to show limiting 2-hr. oxygen de- 
mand with and without shaking. 


reduced to 35 oscillations per min., the 
demand for the 10-ml. sample was not 
changed, thus indicating that for nor- 
mal demands the lower shaking speed 
was ample. That some degree of con- 
tinuous shaking is required, however, is 
clearly indicated in the curves repre- 
senting quiescent conditions. In the 
absence of shaking, the results are low. 
This appears to be occasioned by an 
excessive demand during the first few 
hours of the test period, when the rate 
of consumption is at a maximum. 

For the purpose of showing the sup- 
ply-and-demand relationship during 
the critical first hours of incubation, 
some of the data shown in Figure 6 
have been replotted in different form 
in Figure 7. In this figure, the up- 
take of oxygen at the end of 2 hours 
has been plotted against volume of 
sample, 1.e., increasing demand. For 
Curve A, the flasks were shaken at a 
rate of 75 oscillations per minute. It 
will be noted that the relationship be- 
tween the 2-hour demand and the vol- 
ume of sewage present is linear only 
up to point X. Below this point, the 
true demand has been measured; be- 
yond this point, the rate of oxygen 
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diffusion into the sewage is obviously 
less than the rate of demand. The 
conclusion to be drawn from this ex- 
periment is that, for the 75-0.p.m. rate 
of shaking in the Warburg apparatus 
as modified for sewage work, the maxi- 
mum rate of absorption is approxi- 
mately 0.9 ml. of oxygen in 2 hours, 
which for a 10-ml. sample is equival- 
ent to a 2-hour B.O.D. of 90 p.p.m. 

In this experiment, the demand vari- 
able was obtained by the use of increas- 
ing volumes of sample, which had the 
effect of changing the air-liquid inter- 
facial area. Accordingly, in a strict 
sense, the relationship shown between 
oxygen supply and demand is not gen- 
eral but is specific only for the vol- 
umes of samples actually used. An- 
other limitation of the data is that in 
Curve A only one point occurs beyond 
the break, and therefore the trend of 
the curve is not definitely established. 
The data nevertheless are of value be- 
cause they indicate the maximum ¢a- 
pacity of the manometers under con- 
ditions of use. 


Absorption of Carbon Dioxide 


The theory of the Warburg method 
as applied to the determination of 
B.O.D. assumes that, following the in- 
itial period of equilibration, only oxy- 
gen and carbon dioxide are involved in 
the gas exchange and also that the 
effect of the latter can be completely 
eliminated by the use of 1 ml. or less 
of an alkali absorbent placed in a sep- 
arate compartment within the flask. 
With respect to the former, Wooldridge 
and Standfast (6) aerated sewage for 
considerable periods of time under con- 
ditions which enabled the analysis of 
the air by standard gas analysis pro- 
cedures. They obtained negative tests 
for hydrogen, hydrogen sulfide, me- 
thane and nitrogen, and concluded that 
under the ordinary conditions of the 
B.O.D. test there is no reason to sus- 
pect that gases other than oxygen and 
carbon dioxide are involved. 

There is abundant evidence to prove 
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that errors caused by the incomplete 
absorption of CO, are negligible. 
Dixon and Elliot (7) have shown that 
with the use of ‘‘KOH paper’’ the ac- 
cumulation of CO, was _ negligible, 
provided the rate of production was 
not greater than 1.0 ml. per hour. 
Corbet and Wooldridge (9) found that 
in sewage testing the special precaution 
of using impregnated paper to extend 
the alkali contact surface was unneces- 
sary and that equally good results 
were obtained by the original method 
using only KOH solution. 

Since in the aerobie oxidation of sew- 
age the CO, produced can never be 
greater than the equivalent of the oxy- 
gen absorbed, the maximum rate of 
CO, production from this source under 
the specified conditions would be ap- 
preciably less than the allowable rate as 
stated above. Another factor, however, 
is involved in sewage testing—the free 
CO, present in the sample at the start 
of equilibration. 

The concentration of free CO, in 
sewage is approximately represented 
by the equation. 


p(COs) = p(HCOs) + pH — pKi, (3) 


where pK, = 6.3 (25° C.). Thus, in a 
sample of sewage with pH = 70 and 
total alkalinity of 400, the free CO, 
will equal 34 ml. per liter. A 10-ml. 
sample would contain 0.34 ml. which, 
if released instantaneously, would re- 
quire an equilibration period of per- 
haps 20 min. for its complete absorp- 
tion. 

Since in the Warburg apparatus the 
pH of the sample approaches 8.2 dur- 
ing equilibration and remains at about 
that level throughout the test period, 
it would appear advantageous to buffer 
the sample at this pH at the outset. 
This would eliminate the hazard of in- 
complete CO, absorption during equili- 
bration. 

A second possibility lies in buffer- 
ing the sample to a pH level at which 
the sample will be continuously in 
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equilibrium with the initial CO, pres- 
sure in the air space, thereby eliminat- 
ing the need for an absorbent. The 
equation which gives the pH of a bi- 
earbonate solution which is in equilib- 
rium with a given CO, partial pres- 
sure is as follows: 


pH = pK, + log (HCOs) 


Qa 

—_ log Poo, —_ log 22.4 x 760. (4) 
In this equation, pK,—7.3 and a= 
0.76 at 25° C. Assuming a maximum 
concentration of bicarbonate equal to 
0.01 mols per liter and the partial 
pressure of CO, equal to 0.22 mm. Hg., 
the equilibrium pH, at which CO, 
would be neither released nor absorbed 
by the sample, is found to equal 9.2. 
There is evidence to indicate that at 
this high level of pH there would be 
some decrease in the rate of oxidation. 
Wooldridge and Standfast have shown 
this to be the case; but in their experi- 
ments a phosphate buffer was used at 
pH 8.0, whereas a borate buffer was 
used at pH 9.0. When borate was 
used at both pH 8.0 and 9.0, there 
was no decrease in the rate, although 
the rates were considerably lower than 
for the phosphate-buffered samples at 
pH values of 8.0 and lower. In the 
present studies, preliminary experi- 
ments indicate that borate additions 
decreased the rate of sewage oxidation. 
Accordingly, pending further investi- 
gation, it is regarded as preferable to 
buffer the sample with phosphate at a 
level not higher than 8.2. 


Reproducibility of Results 


Dixon (7) states that oxygen uptake 
determinations on homogeneous _ bac- 
terial cell-suspensions by the direct 
method are usually found to agree 
within 2 per cent. The authors have 
found that this holds reasonably true 
with sewage samples. In Table II are 
given the results of parallel determina- 
tions on samples of crude and settled 
sewage for variable holding periods. 
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TABLE II.—Results of Replicate Determinations of the B.O.D. of Two Sewages by 


the Warburg Manometric Method for Varying Incubation Periods 



































Time of Incubation (hours) 
Source of Sample 
16 24 40 48 65 

Crude sewage 

Test 1 313 407 541 578 645 

Test 2 313 407 520 556 633 

Test 3 306 392 533 568 628 

Test 4 309 395 538 573 637 

Test 5 315 411 543 580 637 

Average 311 403 533 575 636 
Average deviation (%) 1.0 i eg us 1:2 0.7 
Maximum deviation (%) 1.6 7 I f 2.4 3.3 1.4 
Settled sewage 

Test 1 178 212 272 295 333 

Test 2 177 209 274 293 334 

Test 3 173 206 269 287 333 

Test 4 186 223 291 324 361 

Test 5 182 218 294 319 353 

Test 6 185 216 280 308 338 

Average 180 214 280 304 342 
Average deviation (%) 2.2 2.3 2.9 4.3 2.9 
Maximum deviation (%) 3:3 4.2 5.0 6.6 5.6 




















The average deviation for a 24-hour 
holding period was 1.7 per cent for the 
erude sewage sample and 2.3 per cent 
for the settled sewage sample. The 
corresponding maximum deviations 
were 2.7 and 4.2 per cent. 


Rate of Oxygen Demand as 
Influenced by Dilution 


When results obtained by mano- 
metric and by standard methods are 
compared, it is found that the mano- 
metric results for both rate (k-value) 
and ultimate demand (Z-value) are 
appreciably higher. The data thus far 
obtained show that the manometric 3- 
day values at 25° C. are in general 
ereater than the 5-day values at 20° C. 
obtained by the standard dilution 
method. Also, as shown in Table III, 
it has been found that the 1-day man- 
ometric values average approximately 
75 per cent of the standard 5-day 
values. If the so-called normal rate 
of oxidation at 25° C. (k= 0.126), 
characteristic of the dilution method, 


were to hold for the manometric 
method, the 1-day values would be 
only 33 per cent of the standard 5-day 
values. Apparently, the velocity of 
the reaction as it occurs in the mano- 
metric method is more than double the 
standard rate, even allowing for tem- 
perature differences. 

The manometric method is particu- 
larly well adapted for the study of re- 
action velocity, because all of the vari- 
ables are subject to ready control, and 
readings at variable intervals of time 
can be made without disturbing the 
sample. When, in the Warburg 
method, dilution of the sample is made 
the only variable, it is found that di- 
lution lowers the caleulated demand 
and that the effect is most noticeable 
at the higher dilutions. 

In the use of the standard method 
employing high dilutions, it is well- 
known that the short-period (1-day) 
values are influenced by dilution ef- 
fects and are therefore unreliable. 
The standard 5-day values, however, 
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TABLE III.—Comparison of Manometric 
24-Hr. B.O.D. at 25° C. with Standard 
5-Day B.O.D. at 22° C. 




















24-Hour 5-Da; M/S 
Sample peor ne — Ratio 
BOWES sicieiss:tosieen sl 245 | 330 | 0.74 
$2 363 | 493 | 0.74 
$3 310 | 520 | 0.60 
$4 283 | 400 | 0.69 
$5 85 96 | 0.88 
S86 122 133 | 0.92 
87 486 | 535 | 0.91 
88 130 177 | 0.73 
89 78 102 | 0.76 
S10 501 660 | 0.76 
Sewage Effluent....E1 145 250 | 0.58 
K2 18 30 | 0.60 
K3 102 130 | 0.78 
Vegetable Oil Sepa- 

rator Waste..... Wi 173 250 | 0.69 
W2 358 545 | 0.66 

Food Dehydrator | 
Waste.... ..W3 250 | 311 | 0.80 
W4 162 | 200 | 0.81 
W5 129 173 | 0.77 
W6 201 227 | 0.88 
W7 140 177 | 0.79 
Ws 120 150 | 0.80 
w9 166 | 201 | 0.83 
W110; 124 155 | 0.80 
Average — sae he 0.76 








are generally assumed to be independ- 
ent of dilution. Within the relatively 
narrow limits of substrate concentra- 
tions which can be employed in this 
method (less than approximately 7 
p.p.m. equivalent B.O.D.) the assump- 
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tion has been found to hold reasonably 
well, although some investigators con- 
tend that dilution decreases while 
others contend that it increases the 
calculated result for the undiluted 
sample (10). 

In Figure 8 are shown the results 
of a series of tests on strong settled 
sewage in which dilution is made the 
only variable. In this figure, the re- 
sults of the manometric method over 
a wide range of dilution are plotted 
against time, and the results obtained 
by the standard method at optimum 
dilution are included for comparison. 
All tests were made at 25° C. 

It will be noted that if comparable 
dilutions are used the results obtained 
by the two methods agree reasonably 
well. Thus the 3-day value is 515 
p.p.m. by the manometric method at a 
dilution of 1:32, as compared to 490 
p.p.m. by the standard method at a 
dilution of 1: 80. The 4-day values are 
respectively 580 at 1:32 dilution and 
551 at 1:80 dilution. When these re- 
sults are compared with those at the 
lower dilutions obtainable only by the 
manometric method, the effect of dilu- 
tion is clearly shown to result in ap- 
preciably lower values. 

Figure 9 shows the results of the 
same experimental procedure, except 
that the sample material was taken 
after passage through a trickling fil- 
ter. In this figure the highest dilution 
in the manometric tests corresponds 
more closely to the optimum dilution 
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FIGURE 8.—Comparative results of manometric and standard B.O.D. measurements of 
settled sewage under varying dilutions. 
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FIGURE 9.—Comparative results of manometric and standard B.O.D. measurements of 
low-grade trickling filter effluent under varying dilutions. 


used in the standard tests. The on- 
set of a nitrification demand is shown 
to occur well within the 6-day period. 
Otherwise the results are similar, and 
the conclusions drawn therefrom are 
the same. 

To show more clearly the effect of 
dilution as related to time, some of the 
data shown in Figures 8 and 9 have 
been replotted in different form in 
Figures 10 and 11. In these figures, 
B.O.D. by the manometric method is 
plotted against dilution, and separate 
curves are shown for various time in- 
tervals. These curves indicate a 
marked decrease in B.O.D. with in- 
erease in dilution, especially for the 
shorter time intervals. It is unfortu- 
nate that the limits of the apparatus 
at the time precluded the use of higher 
dilutions more comparable to those 
used in the standard method, since the 





Percent? Sewage ir Dilution 


FIGURE 10.—Data from Figure 8 re- 
plotted to show the effect of dilution and 
time upon the manometric oxygen demand 
of settled sewage. 





curves indicate that the effect would 
be even more pronounced at the higher 
dilutions required in that method. 


Velocity of Carbonaceous Oxidation 


The proportionately higher rate of 
oxygen demand of undiluted sewage 
as shown in these experiments is not 
incompatible with accepted theories of 
reaction velocity in chemical systems, 
especially those involving bacterial en- 
zymes. Chemical reactions catalized 
by enzymes are known to involve ad- 
sorptive forces as in flocculation, and 
it therefore seems reasonable to sup- 
pose that factors tending to promote 
optimum conditions for effective col- 
lisions between active surfaces should 
favor higher reaction rates. Concen- 
tration is one such factor, and in the 
manometric method the conditions of 
continuous oxygen saturation and 
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FIGURE 11.—Data from Figure 9 re- 
plotted to show the effect of dilution and 
time upon the manometric oxygen demand 
of low-grade trickling filter effluent. 
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gentle motion are undoubtedly also 
favorable. However, it should not be 
overlooked that a limit of concentra- 
tion exists, above which reaction ve- 
locity is not proportionately increased. 
Saturation effects are known to occur, 
particularly in oxidizing and reducing 
enzyme systems (11). 

The activated sludge and other oxi- 
dizing processes of sewage treatment 
serve to illustrate the effects of con- 
centration. These processes depend 
upon the precipitation of both enzymes 
and food material into concentrated 
sludges and slimes. There is consider- 
able evidence to indicate that in these 
processes the rate of oxidation of the 
substrate is considerably higher than 
the rate represented by the normal k- 
value. Likewise these processes ex- 
hibit saturation effects, if certain con- 
centration ratios are exceeded. 


Onset of Nitrification 


It has been shown that under the 
conditions of the manometric test pro- 
cedure, using undiluted samples with 
constant aeration and mixing, the rate 
of carbonaceous oxidation is greatly 
increased. A question arises as to 
whether the onset of nitrification is ad- 
vanced in proportion and, if so, to 
what degree. 

In testing primary effluents by the 
standard dilution method, it has been 
found that nitrification begins only 
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after 8 to 10 days and that there is 
little danger of including any of a 
nitrogenous demand if the incubation 
period at 20° C. is not prolonged be- 
yond 5 days. In the ease of secondary 
effluents, a nitrogeneous demand can 
develop well within this period, and 
Sawyer and Bradney (12) have shown 
that the onset of nitrification is greatly 
influenced by dilution. They found an 
appreciable nitrogenous demand in 10 
per cent dilutions of an activated 
sludge plant effluent but not in a 5 
per cent dilution. 

In early experiments on the 
vated sludge process, Bartow 
MohlIman (13) showed that the 
tinuous mixing and aeration of even 
erude sewage in the absence of acti- 
vated sludge could result in an onset 
of nitrification after the third day. 
From these and other considerations, 
it must be concluded that the onset of 
a nitrogenous demand will depend not 
only on the history of the sample but 
also on the conditions under which the 
test is made. 

Whereas high dilution appears to 
delay nitrification, the authors have 
noted that when soluble organic mat- 
ter is added to sewage, the beginning 
of nitrification is not advanced as 
might be expected, but rather it is 
retarded. Thus there seems to be a 
critical range in the concentration of 
carbonaceous matter, on both sides of 
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FIGURE 12.—Typical manometric B.O.D. rate curves obtained with Warburg apparatus 


showing time required for “half-ultimate” and “two-thirds ultimate” values. 












which nitrification is delayed. Data 
on this point are limited, but in Fig- 
ure 12 it is shown that additions of 
peptone (17 per cent nitrogen) to sew- 
age have materially retarded nitrifica- 
tion. However, the conditions are not 
exactly similar, because in this experi- 
ment only the concentration of sub- 
strate was altered, whereas in the di- 
lution technique both the substrate and 
bacterial populations are reduced. The 
need of further study along this line 
is apparent. 


Standardization of Incubation Period 


In attempting to express with a 
single number the results of a variable 
quantity such as oxygen demand— 
which increases with time at a rate 
inversely proportional to itself at any 
instant—it is often both convenient 
and practical to denote the quantity 
by the value which represents one-half 
of the ultimate value. 

If this expedient be applied to the 
measurement of B.O.D., following the 
standard procedure and assuming a 
normal velocity constant of 0.1, a hold- 
ing period of 3 days would be required. 
In practice, this incubation period has 
been regarded as unreliable, because 
of an initial time-lag of varying du- 
ration. 

In the use of the manometric 
method, it has been demonstrated that 
the initial time-lag is practically elimi- 
nated and that the reaction rate is 
appreciably higher. Accordingly the 
estimation of the ‘‘half-ultimate’’ 
(first-stage) B.O.D. would be practical 
if it could be proven that the reaction 
is truly monomolecular. 

It has been suggested by others, and 
ably discussed by Phelps (10), that 
the carbonaceous oxidation of sewage 
in the presence of activated sludge or 
trickling filter slimes is a compound re- 
action and involves two or more simul- 
taneous or chain reactions, each with 
its own velocity constant. The present 
studies indicate not only that this 
theory is valid but also that it can be 


216 SEWAGE WORKS JOURNAL 








March, 1948 


applied to aerated sewage in either the 
presence or absence of activated sludge. 
For the present it is felt that for the 
purpose of standardization in the ap- 
plication of the manometric method the 
concept of a ‘‘half-ultimate’’ B.O.D. 
is impractical and that the designation 
of a fixed time interval without im- 
plication of ultimate value will be 
found most useful. 

In Figure 12 are plotted the mano- 
metric demand rates of a sample of 
plain sewage and of samples of the 
same sewage with varying increments 
of peptone. These curves are presented 
for the purpose of supplementing the 
foregoing discussion. It will be noted 
that for the sewages considered the 
half-ultimate B.O.D. is fairly well ap- 
proximated by a 15-hour holding pe- 
riod. For purposes of comparison, 
there are also shown the percentages of 
probable ultimate demand exerted at 
the end of 1, 2 and 3 days. When 
all aspects of the problem are consid- 
ered, 7.€., convenience, reproducibility, 
absence of nitrification demand, ete., 
the 24-hour 25° C. ineubation period 
appears to be the most satisfactory in- 
dex for the standardization of routine 
manometric measurements, although 
shorter periods at possibly higher tem- 
perature could be used in the analyti- 
eal control of plant operations. 


B.O.D. of Industrial Wastes 


Increasing attention is now being 
given to pollutional loads contributed 
by industry to publicly owned sewer 
systems. This trend ealls for better 
methods of testing than have hereto- 
fore been available. Because of ex- 
treme differences in chemical compo- 
sition and biological character, when 
individual wastes are analyzed for 
B.O.D. the results are often variable. 
The usual procedures involve seeding, 
buffering, dilution, and, in some in- 
stances, neutralization of inhibitory 
substances which are present. Varia- 
tion in the details of any one of these 
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procedures may influence the result 
to a surprising degree. 

Since for design and rate-making 
purposes the engineer requires in- 
formation as to the pollutional load 
contributed by the waste after mixing 
with sewage, a logical approach to the 
problem consists in analyzing the sew- 
age both in the presence and in the 
absence of the waste in question. For 
reasons which have already been dis- 
cussed, 7.e., its wide range and its pre- 
cision the manometric method is par- 
ticularly well suited to tests of this 
kind. The authors have used it suc- 
cessfully with a number of food proces- 
sing wastes. In this procedure the 
sewage-waste mixtures are prepared 
by diluting one volume of waste with 
5 or more volumes of sewage. The 
B.0O.D. of the waste is caleulated by 
means of the following formula: 


B.O.D. of waste 


BIOCHEMICAL OXYGEN DEMAND OF SEWAGE 
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phate to the diluting sewage in an 
amount of approximately 10 ml. of 
tenth-normal monobasic phosphate per 
liter. 


Measuring the Activity of Activated 
Sludge 


The procedure described for the de- 
termination of the B.O.D. of indus- 
trial wastes suggests a procedure for 
estimating the activity of activated 
sludge and trickling filter slimes. The 
method is based on the principle that 
the oxygen demand of a mixture of 
active sludge and sewage is greater 
than the sum of the demands of the 
two constituents as determined sepa- 
rately. Wooldridge and Standfast 
have studied this problem, using Bar- 
eroft differential manometers. Their 
studies show that throughout a_ hold- 
ing period of from 2 to 6 hours the 


” (B.0.D. of mixture X 100) — (B.O.D. of sewage X per cent sewage) - 





per 


Use of Supplementary Inorganic 
Phosphate 


In analyzing trade wastes, it was 
found desirable to add phosphate to 
the diluting sewage. It is well-known 
in enzymology that in the fermentation 
of sugars by yeast preparations the 
oxidation is mare rapid and complete 
in the presence of added phosphate. 
The phosphate acts as a catalyst, and 
the two steps of the reaction are writ- 
ten as follows (11): 


(1 ) 2C6H 1206 + 2NasHPO, 

<7 CeH 1904(NaePO,)> 

+ 2H.O + 2CO2 + 2C.H;,OH 
(2) CeH 1 O4(NaePO,4)e op 2H.O 


=. CeH120¢ of 2Na2HPO.. 


Normally, sewage contains sufficient 
phosphorous to permit the omission of 
this substance from the test; but in 
the testing of certain food processing 
wastes by the procedure described, it 
has been found necessary to add phos- 





cent waste 


oxygen demand of the mixtures bears a 
constant relationship to the total de- 
mand of the sewage and sludge when 
determined separately. 

This field of investigation has not 
been pursued, but it is readily appar- 
ent that, in the control of sewage-oxi- 
dation processes, the proven manom- 


etrice techniques which have been 
described should be of considerable 
value. When used in the manner sug- 


gested, the apparatus becomes essen- 
tially a miniature treatment plant in 
which the separate effects of many vari- 
ables, such as sewage strength, sludge 
activity, sewage-sludge ratios, tempera- 
tures, etc., can be studied with a mini- 
mum of time and effort. 


Summary and Conclusions 


Various forms of manometric appa- 
ratus adapted for the estimation of 
sewage strength are described. 

Experiments with the Warburg type 
of manometer indicate that these meth- 
ods possess several advantages over the 








standard dilution method of estimat- 
ing B.O.D. It has been shown that, 
using undiluted samples with constant 
aeration and mixing, the rate of oxida- 
tion is greatly increased. The 24-hr. 
values at 25° C. are approximately 75 
per cent of the standard 5-day values. 
For plant control purposes shorter in- 
cubation periods are possible. 

The Warburg method is  recom- 
mended for use in routine examina- 
tion of sewages and trade wastes and 
in the control of sewage treatment 
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processes. It is especially recom- 
mended for sewage research studies 
because of the relative ease and pre- 
cision with which the several variables 
can be controlled. 

Present commercial equipment, de- 
signed for making 6 to 13 parallel de- 
terminations, is expensive and is also 
too fragile for use by untrained ana- 
lysts; but experiments are now in 
progress with simplified apparatus 
which it is hoped will remove these 
objections. 
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B.O.D. DILUTION TECHNIQUE 


By Merriuyt L. RrevaL 


Chief Chemist, Division of Laboratories, Ohio Dept. of Health, Columbus, Ohio 


Because of the diversified nature of 
the sewage and trade waste samples 
analyzed in a state laboratory, it is 
necessary to prepare a large number 
of B.O.D. dilutions of each sample in 
order to be assured of covering the 
proper range. Any steps that econo- 
mize on time without sacrificing ac- 
curacy are worth consideration. 

The Ohio Department of Health 
Laboratory has adopted the following 
procedures which have been found to 
be of great assistance in preparing a 
large number of dilutions in a short 
time. For dilutions of over 1 per cent, 
a series of special pipettes were pre- 
pared (by a commercial glass-blower) 
and calibrated in the laboratory so that 
any desired dilution can be made with 
only one pipette full of sewage and 
without any calculations. 

The B.O.D. bottles used were all of 
the same type and were found, by ac- 
tual calibration, to contain from 3800 
to 310 ml. The bottles were marked, or 
etched, with an electric marker, with 
the numbers 0 to 10, corresponding to 
the number of ml. over 300, the bottle 
would contain. 

The special pipettes that were pre- 
pared are indicated by the following 
table: 


Pipette Volume Range 
“‘Number”’ Calibrated 
(%) (ml.) 
50 150.0 to 155.0 
334 100.0 to 103.3 
25 75.0 to 77.5 
15 45.0 to 46.5 
10 30.0 to 31.0 
8} 25.0 to 25.8 
5 15.0 to 15.5 
3 9.0to 9.3 
1.8 54to 5.6 


to 


iw) 


Each pipette was calibrated by weigh- 
ing, marks being made on a narrow 
strip of graph paper previously 
mounted on the stem with label var- 
nish. After the calibration was com- 
pleted, the graph paper was protected 
by two layers of label varnish. 

In preparing dilutions above 1 per 
cent by this means, the B.O.D. bottle 
is filled about 1/3 full of dilution wa- 
ter; then the pipette marked with the 
desired percentage is selected from the 
rack and filled with well-mixed sewage 
to the number which corresponds to 
the number etched on that particular 
B.O.D. bottle. After transferring the 
sewage to the B.O.D. bottle, the bottle 
is then filled with dilution water, stop- 
pered, and the contents mixed by in- 
verting. Thus, only one pipetting op- 
eration is necessary, resulting in better 
accuracy as well as economy of time. 

For preparing dilutions of 1 per 
cent and under, a special apparatus 
(see sketch) has been assembled in 
order to simplify the operations. The 
first step in calibration was to deter- 
mine the total volume contained from 
mark ‘‘a’’ (zero mark on burette) to 
‘*q’’ (the tip of the burette). In so 
doing, it is necessary to have the stir- 
ring rod in place, in order to compen- 


Stem Markings 
“Q” @ 150.0, “1” @ 150.5, 
“Q” @ 100.0, “1” @ 100.3, 
‘0 @. 760, “1” @ 75,2; 
“Oo” @ 45.0, “1” @ 45.15, 
“0” @ 30.0, “1” @ 30.1, 
“O” @ 25.0, “1” @ 25.1, 
“0” @ 15.0, “1” @ 15.05, 
“Oo” @ 9.0,“5"@ 9.15, 


‘Oo @ 54,56" @ 5.5, 


ete. 

etc. | 

ete. 

ete. 

etc. 

etc. 

etc. 

10” @ 9.3 
“190” @ 5.6 
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FIGURE 1.—Apparatus for preparation of B.O.D. dilutions of 1 per cent and less. 


sate for its volume. The second step 
was to withdraw 36.9 per cent of this 
volume and place a mark (‘‘c’’) at 
the level. Next the volume necessary 
to flush out the effluent line was de- 
termined, and mark ‘‘b’’ placed on the 
burette to show this amount. The last 
step was to prepare a special pipette to 
deliver exactly 1.00 per cent of the 
total volume of the burette (‘‘a’’ to 
‘‘d’’). In the particular apparatus 
prepared the total volume ‘‘a’’ to ‘‘d’’ 
was found to be 1,090 ml., and a mark 
was placed at ‘‘c’’ so that the volume 
withdrawn from ‘‘a’’ to ‘‘e’’ is 36.9 
per cent of 1,090 (402.2 ml.). The 
volume ‘‘a’’ to ‘‘d’’ was about 40 ml., 





or more than enough to flush out the 
line. The special pipette was eali- 
brated to deliver 10.9 ml. of sewage. 

The reason for selecting 36.9 per 
cent was to choose some percentage 
which would give a series of dilutions 
so that at least two would show a 30 
to 70 per cent depletion of dissolved 
oxygen. It was desired to have the 
next lower dilution more than 50 per 
cent as strong as the preceding one in 
order to get a better overlap. Also, 
this figure gives a series which can be 
repeated in cycles of 5 with a shift of 
the decimal point. The following 
table illustrates the convenience of 
using this series: 
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Original 
Strength 
(%) 

1.00 
0.631 
0.398 
0.251 
0.1585 
0.100 
0.0631 
0.0398 
0.0251 
0.01585 
0.0100 


0.40, 0.25, 


follows: 


I.—(A) 


(D) 


(E) 
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Drain to 


63.1% (Mark ‘‘c’”’) 
63.1% (Mark ‘‘ce’’) 
63.1% (Mark “‘c’’) 
63.1% (Mark “‘c’’) 
63.1% (Mark “‘c’’) 
63.1% (Mark ‘“‘c’’) 
63.1% (Mark “‘c’’) 
63.1% (Mark ‘‘c’’) 
63.1% (Mark ‘‘c’’) 
63.1% (Mark “c’’) 
63.1% (Mark ‘‘c’’) 


For calculation, the percentage figures 
are usually rounded off to 1.0, 0.63, 


0.16, 0.10, ete. 


The procedure followed for dilutions 
of 1 per cent and under basically is as 


Flush out apparatus, fill 
cylinder about 1% full with 
dilution water, close clamp 
No. 1. 

Add 1.00 per cent of well- 
mixed sewage with special 
pipette, then open clamp 
No. 2 until level ‘‘a’’ is ex- 
actly reached; close clamp 
No. 1. 

Mix thoroughly by pulling 
plunger disk from bottom to 
within 2 or 3 in. of top, then 
back down. Repeat this op- 
eration 2 or 3 times or as 
often as necessary for com- 
plete mixing. Avoid en- 
trapping air bubbles in the 
mixing process. 

Flush effluent line by open- 
ing clamp No. 2 and drain- 


ing to level ‘‘b.’’ Close 
clamp No. 2. 

Insert glass tube into 
B.O.D. bottle, and open 


clamp No. 2. Drain care- 
fully to mark ‘‘e’’ and close 
elamp No. 2. 





Top (Mark 
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New Dilution 


Strength 
Fill to (Hy 
Top (Mark “‘a’’) 0.631 
Top (Mark “‘a’’) 0.398 
Top (Mark “a’’) 0.251 
Top (Mark “‘a’’) 0.1585 
Top (Mark “‘a’’) 0.100 
Top (Mark ‘‘a’’) 0.0631 
Top (Mark “‘a”’) 0.0398 
Top (Mark ‘‘a’’) 0.0251 
Top (Mark “‘a’’) 0.01585 
Top (Mark ‘‘a’’) 0.0100 
Ta") 0.0063 
(F) Remove glass tube from 
B.O.D. bottle and _ insert 
glass stopper into bottle. 


IT.—(A) 

(B) 

(C) 

(D) 

(E) 
IIl.— 
[IV.— 


(This is the 1 per cent di- 
lution. ) 

Open clamp No. 1, fill to 
mark ‘‘a’’ and close clamp 
No. 1. 

Mix by raising and lowering 
plunger 3 times. 

Flush by opening clamp No. 
2, draining to mark ‘‘b’’, 
and closing clamp No. 2. 
Fill next B.O.D. bottle, 
draining down to level ‘‘c’’ 
and closing clamp No. 2. 


Remove bottle (0.63 per 
cent dilution) and_ insert 
stopper. 


Repeat steps IT (A) through 
(E) for 0.40 per cent dilu- 
tion. 

Repeat as often as neces- 
sary to reach last. dilution 
desired. 


By using this procedure an entire 
series, starting with 1 per cent ean be 
set up in a very short time and with 


good accuracy. 
precautions are to watch 


re Pea, 


a and 
pinch clamps at the proper moment. 


‘e 


The most important 
the levels 


’? very closely, closing the 













POWER EFFICIENCY IN ACTIVATED SLUDGE 
AERATION 


By RicHarp POMEROY 


Partner, Montgomery § Pomeroy, 40 W. Green St., Pasadena, Calif. 


Attempts to compare the efficiency 
of different methods of aeration in ac- 
tivated sludge plants have frequently 
been made on the basis of plant per- 
formance. The efficiency of a plant in 
purifying sewage, however, is depend- 
ent upon several variables other than 
the efficiency of aeration. It would be 
much better to compare aeration sys- 
tems on the basis of the quantity of 
oxygen dissolved under specific con- 
ditions. There is a scarcity of pub- 
lished information of this sort. 

Presented here are the results of 
tests made at the activated sludge 
plant of the city of Laguna Beach, 
California. It is to be hoped that 
more data of this nature will become 
available in literature in the years 
ahead so that the efficiency of differ- 
ent systems can be more reliably com- 
pared, and so that specifications and 
guarantees of performance can be made 
in terms of such efficiency. 

The activated sludge plant at Laguna 
Beach as originally constructed had 
two aeration tanks, each equipped with 
an aerator operating on the venturi 
throat principle. A pump drew water 
down through the submerged throat, 
where air was also sucked in, and the 
mixture of air and water was forced 
to the bottom of the tank. The aera- 
tors, as installed, did not dissolve 
enough oxygen for satisfactory plant 
operation. The operator, Mr. R. D. 
Woodward, redesigned the _ throats, 
providing larger water and air pas- 
sages, and made other appropriate 
changes, and was then able to make the 
plant operate successfully. 


Test Procedure 


Determinations of aeration efficiency 
were made both before and after the 
remodeling of the aerators. These effi- 
ciency tests were carried out as fol- 
lows: A tank to be tested was filled 
with clean city water. A solution of 
sodium bisulfite was added in slight 
excess over the amount of dissolved 
oxygen in the water. (1 Ib. of dis- 
solved oxygen requires 6.43 Ib. of 
NaHSO,). The water in the tank was 
then thoroughly mixed by operating 
the aerator pump but with the air shut 
off. It was then allowed to stand for 
approximately 2 hours during which 
time most of the oxygen was used up. 
The pump was again started and chlo- 
rine or hypochlorite solution was added 
until the excess sulfite was just neutral- 
ized. Due to the agitation some oxy- 
ven was dissolved so that concentra- 
tions of 1.5 to 3.5 p.p.m. were present. 
The aerator was then started and 
samples for dissolved oxygen determi- 
nation were taken at measured inter- 
vals of time, alternate samples being 
taken at opposite ends of the tank. 

The observed concentration of dis- 
solved oxygen should be in accord with 
an equation of the form: 


D.O. = (D.0.)o + [(D.O.) mar 
— (D.0.)o] (1-10°**) 


“DP).0.’’ refers to dissolved oxygen, 
while the subscripts ‘fo’? and ‘‘mazx”’ 
refer to the initial D.O. and the ulti- 
mate saturation value. This latter 
value is not the normal solubility of 


oxygen, for the pressure on the sub- 
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merged bubbles causes an _ increase 
above the saturation at atmospheric 
pressure. A is a rate constant and f¢ 
is the time in minutes. 

In all tests which have been made, 
the experimental data have been found 
to fit closely the theoretical equation. 
The necessary constants may be derived 
by the same procedures used to fit 
B.O.D. data to the first-order curve, 
since this is also a first-order rate equa- 
tion. 

In order to compare different aera- 
tion systems it is necessary to specify 
standard test conditions. It is most 
logical that» the results should be ex- 
pressed in terms of the rate of solution 
at zero dissolved oxygen and at a tem- 
perature of 20° C. The rate of solution 
at the temperature of the test and at 
zero dissolved oxygen in parts per mil- 
lion per minute would be equivalent to 
2.303 X (D.O.) maz X K. To correct the 
result to a temperature of 20° C. it 
may be assumed that (D.O.) maz is pro- 
portional to the solubility of dissolved 
oxygen, while A may be assumed to be 
inversely proportional to the viscosity 
of water. In the neighborhood of 20° 
C., the solubility of oxygen decreases 
2.01 per cent per degree, and the vis- 
cosity of water decreases 2.45 per cent 
Hence the rate of solution 
at zero concentration may be presumed 
to inerease 0.44 per cent per degree. 
This correction can be applied with 
negligible errors over the range from 
15° to 25°. 

The results of tests in two aerators 
at Laguna Beach made on May 12, 
1941, gave results as shown in Table I. 

[t is interesting to note that satisfac- 
tory operation was obtained in these 
tanks with aeration capacity sufficient 
to dissolve 19 p.p.m. of oxygen per 
hour at zero concentration. The actual 


per degree. 
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TABLE I.—Aeration Tests at Laguna Beach, 
Calif., May 12, 1941 


| Tank 1 | Tank 2 











Number of oxygen determi- | 

nations 14 10 
(D.O.) maz 9.96 | 10.06 
K 0.0136] 0.0146 
Average difference between 

calculated and experimen- 

tal results (p.p.m.) 0.05 0.06 
Rate of solution at zero D.O. 

(p.p.m. per hour) 18.7 20.3 
Temperature (deg. C.) 20.3 20.8 
Cale. rate at 20°C. (p.p.m. 

per hour) 18.7 20.2 
Capacity of tank (Ib.) 390,000} 390,000 
Rate of solution (lb. per hr. 

at 20° C.) 7.29 7.88 
Kilowatts used 4.92 4.92 
Pounds per kilowatt hour 1.50 | 1.60 


| | 





rate of oxygen dissolved in normal op- 
eration is, of less than this, 
since some oxygen is present in the 
water. From observations on other ae- 
tivated sludge plants it is the opinion 
of the authors that for Southern Cali- 
fornia conditions, this represents the 
aeration capacity which should be pro- 
vided if satisfactory treatment is ex- 
pected. It is possible, however, that 
with higher aeration rates good purifi- 
cation could be attained with higher 
sludge concentrations and shorter aera- 
tion times. 

The efficiency of an aeration system 
is best measured by the pounds of oxy- 
gen dissolved per kilowatt hour. The 
last line of the table shows an average 
of 1.55 lb. or 704 grams of oxygen per 
kilowatt hour input to the motors. 

When Mr. Woodward began his re- 
designing of the aerators the rate of 
solution of oxygen was only 4.8 p.p.m. 
per hour and the power consumption 
per tank was 6.3 kilowatts. After re- 
construction the efficiency was five 
times as great. 


course, 











A CRITICAL REVIEW OF THE LITERATURE OF 1947 


ON SEWAGE AND WASTE TREATMENT AND 
STREAM POLLUTION 


By W. Rupotrs, Chairman, H. E. Bassirr, D. E. BLoopaoop, G. P. Epwarps, 
H. A. Faper, A. L. Genter, H. HEUKELEKIAN, R. P. Loaan, 
H. J. Mites, F. W. Mouwman, C. C. Rucuuort, C. N. 
Sawyer, L. R. Serrer, L. W. VAN KiLeEEcK 


Committee on Research, Section A, Federation of Sewage Works Associations 


In presenting its sixteenth annual 
review of the literature, the Research 
Committee aims to follow the pattern 
of previous years. The review is in- 
tended (1) to portray the progress 
made from year to year, (2) to pro- 
vide an evaluation of the contributions 
made, (3) to call attention to published 
material that is not readily accessible, 
and (4) to provide a comprehensive 
bibliography for convenient reference. 
The stimulation of further research 
and the coordination of current studies 
are further objectives. 

An intriguing concept of the rela- 
tion between polluted water and polio- 
myelitis was advanced during the year. 
The statement that certain forms of 
eyanides produce symptoms and patho- 
logical lesions similar to poliomyelitis, 
and that the cyanides may engender 
the production within the body of an 
endogenous virus which would leave 
the body instead of entering it, is 
rather beyond the scope of this review 
for comment, but certainly of interest 
to all if the concept were to be substan- 
tiated. Certainly far more informa- 
tion is required to explain the observed 
facts that polluted waters, even in the 
absence of living organisms, may have 
severe physiological effects. Recent re- 
search has indicated that certain pyro- 
genic products, when introduced in 
minute quantities into the bloodstream, 
may cause difficulties. ‘‘Pyrogens’’— 
defined as agents which cause a rise in 
temperature—are probably complex 
bodies engendered by certain types of 
microscopie organisms, or possibly they 
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are products of bacterial metabolism 
which are not destroyed by ordinary 
sterilizing procedures and withstand 
temperatures over 450° F. Whether 
or not pollution inereases the pyrogen 
content of the water, and whether or 
not these products in relatively high 
concentrations may be of importance 
when present in drinking water, is not 
known, but they are of interest to the 
research worker in relation to the ob- 
served physiological effects after heav- 
ily polluted surface waters are treated 
and chlorinated. 

Byproduect recovery from sewage 
treatment is usually considered to in- 
clude only utilization of sewage sludge 
for fertilizer and gas production. An- 
other form of salvage concerns itself 
with the use of sewage effluents in agri- 
culture or for industrial purposes, such 
as for cooling or quenching waters. 
There are a number of places in this 
country where sewage effluents are used 
in industry, but such effluents are the 
result of certain established types of 
sewage treatment, they are incidental, 
and they do not reduce the pollution 
load. Of particular interest, therefore, 
is a new process of flax retting, where 
the treatment was changed from an- 
aerobic to aerobie digestion in order to 
utilize the water and at the same time 
reduce the pollution load. This ex- 
ample is stimulating, because it indi- 
cates that certain old and_ well- 
established industrial processes may be 
changed and modified to produce less 
polluting matter and to reduce stream 
pollution without specific treatment 
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devices. Other industries have accom- 
plished similar results, but the exam- 
ples are far too few to let this one pass 
without mention. 

During the last few years the im- 
pression has been prevalent that no 
material advance can be expected in 
sludge digestion until more basic in- 
formation is available concerning the 
mechanism of digestion. There is evi- 
dence that more intense studies are 
being made. 

Although chemical and mechanical 
treatment of sewage appears to be 
fairly stabilized in this country, con- 
siderable interest is evidenced in Eng- 
land as indicated by several published 
papers. 

Again this year no outstanding con- 
tribution was published on plain sedi- 
mentation, although a few papers were 
made available on operation and opera- 
tion difficulties. 

There were again some papers on 
analytical procedures and methods, 
but by no means as many as the sub- 
ject requires. It is hoped that within 
the next few years the work set in 
motion by the Federation in 1947 may 
bear fruit. 

Several papers dealing with the me- 
chanies of the activated sludge process 
were published. This was a material 
improvement over the last two years. 
The majority of the papers were con- 
cerned with operation, including 
greater flexibility, sludge concentration 
and air diffusion. 

Chlorination of sewage and sewage 
effluents received attention, both from 
research and operation standpoints. 
The work reported from Johannesburg, 
pertaining to complete bacterial steril- 
ity, is easily the most important. 

Studies on sludge disposal were pri- 
marily concerned with operation re- 
sults. Heat treatment and covered 
drying beds were the subject of sev- 
eral papers, as well as sludge produc- 
tion for fertilizer. 

Papers of greatest interest on bio- 
logical filters pertained to the control 
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of filter flies. Application of DDT or 
gammexane aided in the control of 
flies and had no effect on purification, 
but the effluents may be toxic to fish. 
There were more papers on industrial 
waste than any year since the review 
has been published. National and local 
organizations showed great interest in 
the problem by scheduling a consider- 
able number of papers. Interest of 
industries has increased materially. 
Papers on paper and pulp wastes in- 
creased considerably, and other papers 
on pickling liquors, food wastes, petro- 
leum and plating wastes were among 
the references cited. 

Considerable material was published 
on stream pollution. The number of 
papers on biology and chemistry was 
still small, and those pertaining to 
measurement and expression of results 
were of more than passing interest, be- 
cause they seem to indicate a change 
in the prevailing conception of stream 
pollution phenomena. 

This annual review is not presented 
as a complete enumeration of all pa- 
pers published during the past year, 
but is believed to include those of 
greatest importance and significance. 


General 
Sewage and Disease 


The conquest of water-borne diseases 
can be read in the statistics covering 
a period of the past 8 years, during 
which time 316 outbreaks with 114,000 
cases of sickness and 84 deaths caused 
by impure water were recorded (16). 

Discussion of the incidence of polio- 
myelitis virus in sewage continues. 
Melnick (199) published the results of 
tests with Chicago sewage during the 
1948 epidemic and of monthly tests 
‘with New York City sewage for a pe- 
riod of 6 years (1940-45). Of 61 tests 
with Chicago sewage during the peak 
of the epidemic, 6 were positive; after 
the epidemic none out of 21 samples 
was positive. Imhoff tank sludge did 
not give positive results. Sewage sam- 
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ples from hospitals treating polio- 
myelitis patients were all negative. 
In 2 out of 6 years no positive tests 
were obtained from the New York City 
sewage samples, in spite of the fact 
that in one of these years there was a 
considerable number of poliomyelitis 
cases on the sewer line sampled. All 
the positive tests were obtained in the 
late summer and fall when the number 
of cases was at a maximum. Caleula- 
tions show that in Chicago 6 million 
monkey infectious doses of virus were 
leaving the sewage disposal plant per 
minute; in New York this value was 
500,000 doses. It was suggested on this 
basis that approximately 6 per cent of 
the people in Manhattan may have 
been carriers of the poliomyelitis virus. 
An entirely new concept of the eti- 

ology of poliomyelitis was advanced 
by Seobey (246) (247) (248). The 
author (246) points to the incidence 
of severe epidemics of poliomyelitis 
during years of severe drought, as in 
1930 and 1946, and the periodicity of 
15 years for both phenomena. The 
prevalence of disease is also greater 
during the dry season of a given year. 
Seobey suggests that cyanides can cause 
gastro-intestinal disturbances and neu- 
rological symptoms identical with those 
of poliomyelitis. Under conditions of 
drought and consequent high cyanide 
content, gastro-intestinal disturbances 
and poliomyelitis would not be separate 

entities but conditions arising from the 

same source. The origin of cyanides 

in water are as follows: (a) cyanophore 

elucosides from vegetable mater, (b) 

sulfocyanates in animal excretions, and 

(c) putrefaction of animal tissues. 

Cyanides produced from these sources 

may be washed from the soil into 
ground or surface waters and may be 
augmented by cyanides produced from 
the same sources in surface waters. 

In addition to water, foods which are 
harvested in advance of their natural 
maturity contain more glucosides capa- 
ble of producing hydroeyanie acid than 
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those permitted to reach a natural 
maturity. 

In further elaboration of this con- 
cept the author (247) points out that 
hydrocyanie acid is capable of pro- 
ducing symptoms and _ pathological 
lesions identical to those of poliomye- 
litis. Thus the cyanides may engender 
the production within the body of an 
endogenous virus which would leave 
the body instead of entering it. As a 
further possibility it is suggested that 
the virus may be a cyanolytie enzyme 
capable of producing or accelerating 
the production of hydroecyanie acid. 
Analogous effects of heat and oxidizing 
agents on both poliomyelitis virus and 
ceyanides are called to attention. Other 
analogies as to functional disturbance 
of the thyroid gland and susceptibility 
to poliomyelitis and cyanides alike are 
pointed out. 

Other indirect evidence is advanced 
by the same author (248), namely, the 
analogy between paralytic shellfish dis- 
ease and poliomyelitis. The chain of 
events in paralytic shellfish disease ac- 
cording to the author is as follows: 
Cyanides derived from decomposition 
products of vegetables and animal mat- 
ter originating either in the soil or in 
water are assimilated by plankton, 
which in turn are consumed by shellfish 
such as mussels, and finally by man, 
causing an acute poisoning with pro- 
found action on the nervous system and 
with symptoms similar to poliomyelitis. 
The seasonal and geographic incidence 
of the two diseases are also similar. 
The author again contends that the 
same etiological factor (hydrocyanic 
acid) is responsible for these two dis- 
eases. The adsorption of the hydro- 
eyanie acid through the skin is also 
considered possible, with the possible 
contraction of poliomyelitis by bathing 
at certain times and locations where 
the waters are polluted with enough 
cyanides. 

Experimental work by Stokes, Jones, 
Mohun and Miles (259) was earried on 
to determine the effect of drying and 
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digestion of sludge on some pathogenic 
organisms, which were added §arti- 
ficially in large numbers. The organ- 
isms studied were Bact. paratyphosum 
and Bact. typhi murium. Difficulties 
were encountered as usual in counting 
the organisms, due to the interference 
by the large numbers of nonpathogenic 
organisms present in the sludges. In 
the artificially infected sludge dried on 
conventional beds Bact. paratyphosum 
could not be recovered after 27 days 
but Bact. typhi murium eould be re- 
covered after 180 days. The latter or- 
eanism could be isolated after 45 days 
of anaerobie digestion. Out of 33 sam- 
ples of partially digested sludge ex- 
amined from different sewage plants, 
three of which were obtained from 
districts in which typhoid epidemics 
had occurred, no pathogenic bacteria 
of the typhoid, dysentery or salmonella 
group could be isolated. 

Maxey (194) coneluded that the 
hazard created by disposal of untreated 
fecal wastes on the roadbed of railroads 
is of a low order, because the longevity 
of the pathogenic bacteria, under natu- 
ral conditions of sunlight and drying 
prevailing on the surface of the road- 
bed, is but a few hours. Furthermore, 
the number of persons exposed to con- 
tact is very small. The author does not 
attach much importance to the hazard 
arising from dust particles and fine 
droplets carried away in the air over 
the roadbed. The chance of contamina- 
tion reaching drinking water supplies 
through discharge of fecal wastes from 
conveyances en route exists, but it is 
argued that the present day tendency 
is not reliance on safe water at the 
source but rather on efficient treatment. 
He reasons, therefore, that the public 
health menace from this source would 
be insignificant. 

Toxicity 

Kalabina eft al. (162) studied the 

effect of toxic substances of nonferrous 


metalurgy on the microorganisms and 
biochemical processes. They found 
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that 0.5 p.p.m. of copper sulfate as 
copper was toxic to all microorganisms 
and 0.1 p.p.m. was toxie only to bac- 
teria. Lead in 0.1 p.p.m. concentra- 
tion was toxie to biochemical oxida- 
tions, 0.5 p.p.m. to flagellates and in- 
fusoria, 0.5 p.p.m. to 1.0 p.p.m. nitrify- 
ing bacteria and 1 p.p.m. to other bac- 
teria. Holm (147) considered Daphnia 
magna as a good indicator of toxicity 
of wastes. ‘Menick (199) reported on 
the effect of chromium-containing 
waters on plants and lower organisms. 


Sulfur and Iron Oxidizing Bacteria 


Parker (209), in a further investi- 
gation of the mechanism of corrosion 
of conerete and the organisms respon- 
sible for it, attempted to fill in the 
gaps left by this previous work. It 
had been found previously that T'hio- 
bacillus concretivorus is the organism 
responsible for the oxidation of sulfur 
to sulfuric acid with consequent cor- 
rosion of concrete. But this organism 
eould not exist at pH values higher 
than 6.5 while the value of new un- 
corroded concrete is 11 to 12. Fur- 
thermore this organism cannot utilize 
hydrogen sulfide, which is a product 
formed by the reduction of sulfate in 
sewers. A number of other sulfur or- 
ganisms were isolated from the cor- 
roded conerete. One of these organ- 
isms, Thiobacillus thioparus, ean oxi- 
dize among other sulfur compounds, 
elemental sulfur to sulfurie acid at a 
pH range of 3.5 to 8.5. Another group 
of miscellaneous species could oxidize 
thiosulfates to polythionates and sul- 
fate without the formation of elemental 
sulfur. This organism also ean exist 
over a wide range of pH (2.0 to 10.5). 
The latter group exists in the initial 
stage of corrosion at pH 9 to 11, the 
former group in the intermediate 
stages (pH 4.5 to 9), and Th. con- 
cretivorus in the final stages below pH 
6.0. On fresh conerete exposed to hy- 
drogen sulfide in the sewer atmosphere, 
chemical changes take place first, in- 
volving carbonation (which lowers the 





pH value to 8.4) and the fixation of 
hydrogen sulfide as sulfuric and poly- 
thioniec acids. These compounds are 
oxidized by the miscellaneous group. 
Th. thioparus then becomes active, con- 
verting the thiosulfates and _ polythi- 
onates to sulfur and sulfuric acid and 
lowering the pH value. Finally Th. 
concretivorus becomes active in the acid 
range, oxidizing the surfur to sulfuric 
acid and lowering the pH value still 
further. Thus, while the primary cor- 
rosive agent is hydrogen sulfide, none 
of the bacteria can utilize it. Corro- 
sion proceeds instead by the intermedi- 
ate production of sulfates, polythi- 
onates and sulfur by chemical means. 
The oxidation of ferrous sulfate to 
ferric sulfate in acid mine drainage is 
attributed to bacteria by Colmer and 
Hinkle (71). The subsequent hydroly- 
sis of the ferric sulfate to hydroxide 
imparts the rusty color to mine drain- 
age water. By the addition of dis- 
infectants and bacteriostatic agents the 
oxidation and the production of rusty 
color were prevented even when ex- 
posed to air. A bacterium was isolated 
which was able to bring about the 
rapid oxidation of ferrous to ferric 
iron. Another bacterium isolated from 
acid mine water was able to oxidize 
sulfur to sulfuric acid, and had morpho- 
logical and physiological properties of 
Thiobacillus thiooxidans. This organ- 
ism can exist under environmental 
conditions prevailing in the mines and 
can oxidize the sulfur existing in coal 
to sulfurie acid, giving rise to high 
acidities in the drainage water. 


Miscellancous 


Buswell (61) calls attention to the 
fact that in determining the oxygen 
equivalent of sodium nitrate for the 
stabilization of organic matter, the na- 
ture of the reactions should be better 
understood. The quantity of oxygen 
made available from the reduction of 
nitrate will depend upon whether the 
nitrate is reduced to nitrogen gas or 
ammonia, on whether the reaction 
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stops at the nitrite stage. Since all of 
these reactions are possible, it is best 
to know what the products of the re- 
action are and determine the oxygen 
made available from the quantities of 
reduced nitrogen compounds formed 
and the residual quantity of nitrogen. 

Keefer (165) has determined the 
ammonia-removing capacity of a num- 
ber of different types of sludges after 
drying, and in some eases after ignit- 
ing, to reduce the volatile matter con- 
tents to various percentages. Settled 
and filtered sewage was passed through 
the prepared sludges and the removal 
was determined. After the material 
was no longer capable of removing am- 
monia the sludge was regenerated with 
sodium chloride. The results indicate 
that sodium chloride treatment, after 
the rate of adsorption of ammonia had 
decreased, restored the adsorbing ¢a- 
pacity. For a given sludge the arti- 
ficial change of volatile matter content 
by partial ignition from 52 per cent 
down to 10 per cent did not materially 
affect the adsorption capacity, but 
upon complete ignition the capacity 
was equally reduced in raw, digested, 
and activated sludges. Of the non- 
ignited sludges, raw sludge was the 
most effective in removing ammonia; 
digested sludge gave the next best re- 
sults, and activated sludge was the least 
effective. 

Activated sludge removed 100 to 125 
mg. of ammonia per 1,000 grams of 
solids. It was coneluded that the re- 
moval of ammonia by activated sludge 
is due to causes other than base- 
exchange reaction. 


Analytical Procedures 


The ninth edition of Standard Meth- 
ods (37) came off the press during the 
year. The more important revisions in 
sewage and sludge methods over the 
eighth edition are as follows: 


1. The determination of albuminoid 
nitrogen was dropped. 
2. The Alsterberg or sodium azide 
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modification of the Winkler method 
for dissolved oxygen is recommended 
for samples containing appreciable 
quantities of nitrites. 

3. The prefloceulation with alum of 
samples containing high sediment was 
recommended in the Winkler or Modi- 
fied Winkler dissolved oxygen tests. 

4. A fortified phosphate dilution 
water for the B.O.D. test replaces the 
bicarbonate dilution water. 

5. The rapid aluminum dish estimate 
of total suspended solids has been 
transferred from the nonstandard sec- 
tion to a standard test. 

6. In the Gooeh method of suspended 
solids determination the asbestos mat 
has been doubled in thickness and the 
103° C. drying period has been re- 
duced from 21% hours to 1 hour. 


7. The glass electrode pH meter is 
recommended for sewage and sludee on 
a par with the colorimetric method. 

8. The antimony colorimetric method 
for sulfides has been replaced by the 
methylene blue test. The preferred 
titration method for sulfides has .been 
retained with no significant change. 

9. The eighth edition did not specify 
a standard technique for grease deter- 
mination in sewage and sludge. The 
ninth edition defines grease as that 
material which is extracted from an 
acidified sample by petroleum ether. 
The procedure for sewage consists of 
partial separation by acidification, 
boiling, chilling, and filtering. The 
filtered matter is dried at 103° C. and 
extracted in a Soxhlet extractor to 
which has been added the petrolie ether 
used in the wet extraction of the fil- 
trate. Grease in liquid sludge is simi- 
larly determined on a smaller sample 
volume. 

10 A nonspecific method for the 
weight of settleable solids with a de- 
tailed nonstandard procedure in the 
eighth edition has been replaced by a 
standard difference method in the new 
edition. The difference method con- 
sists of determining the total suspended 
solids before and after settling. In 
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view of the known large errors in the 
measurement of the total suspended 
solids in unsettled sewage, some may 
question the advisability of incorporat- 
ing this difference method in Standard 
Methods. 

11. The nonstandard procedure for 
the B.O.D. of chlorinated sewage has 
been placed in the standard section. 

12. New tests appear in the non- 
standard section. These include vola- 
tile acids in digesting sludge, oxygen 
demand and activity of activated 
sludge, two grease tests, a colorimetric 
method of determining pH of sludges 
by testing the dialyzate, and a modified 
test of organic carbon in sewage. 


Ellis et al. (93) have prepared a 
manual on water quality for the 
aquatic biologist. Many of the tests 
and techniques of Standard Methods 
are slightly modified for field use. 
Industrial waste pollution has raised 
a need for special tests which are useful 
to the aquatic biologist; these have 
been compiled and their significance 
noted. 

A number of papers have appeared 
dealing with the ‘limitations of the 
B.0.D. dilution test and direct oxygen 
utilization tests. To nullify the effect 
of nitrification inthe B.O.D. test of 
oxidized effluents and stream samples, 
Hurwitz et al. (153) studied Sawyer’s 
(239) pasteurization and _ seeding 
method and a new acidification, neu- 
‘tralization, and seeding method. The 
latter was considered equally effective, 
simpler, and could be used as a pre- 
servative for B.O.D. samples in the 
field. The samples were acidified to 
pH 3.0 to 2.0 and after a reaction 
period of 15 minutes or more the pH 
was readjusted to 7.0 to 7.4 and dilu- 
tions with standard seeded dilution 
water were prepared. The acid treat- 
ment appears effective in eliminating 
nitrifying. organisms. 

Gehm (106) reported the course of 
biological oxidation of paper and pulp 
mill wastes with various B.O.D. dilu- 








tion waters. The B.O.D. test is subject 
to further refinement as knowledge is 
gained of seeding, nitrification and de- 
ficiency of certain growth elements. 
Until the limitations of the test are de- 
termined, Weston, discussing Gehm’s 
paper (106), recommends both B.O.D. 
and C.O.D. tests on industrial wastes. 

The use of the B.O.D. test in connec- 
tion with brewery wastes is discussed 
by Mason, et al. (193). 

The effects of 27 inorganic and or- 
eanie substances such as are found in 
the petroleum and metal plating indus- 
tries were determined on the dissolved 
oxygen and B.O.D. tests by Heuke- 
lekian (140). 

In the direct oxygen utilization test 
Falk and Rudolfs (98) found that by 
shaking the sample every 5 minutes the 
all-glass Sierp apparatus using gaseous 
oxygen gave results comparable to the 
B.O.D. by the dilution method for 
sewage and some industrial wastes. 

Heukelekian (141) discussed the 
limitations of the B.O.D. dilution test 
and presented data to show that for 
research on industrial wastes the di- 
rect oxygen method permits the study 
of oxidation rates at any desired 
concentration. 

A chemical method was employed by 
Winkler and Wipf (291) to measure 
the amount of flow in a river at pro- 
gressive points by adding a known vol- 
ume and concentration of chemical, 
such as NaCl, and titrating samples of, 
admixture in the unknown flow with 
0.01 N AgNO, to determine the dilu- 
tion factor. Another method which 
cave good results was the use of a solu- 
tion of about 2 mg. NaNO, per liter 
of water used for infecting the un- 
known flow and a colorimetric nitrite 
test on the total flow at frequent 
intervals. 

Kirn reported (169) on a stream 
sampler designed to hold two 250-ml. 
and one 1,000-ml. bottles. An advan- 
tage would be gained by lowering the 
exhaust air port of the bacteriological 
sample compartment so that the neck 
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of the bottle would always be above 
the compartment water level. 

Gray and Moses (116) report a high 
degree of accuracy in the use of an 
automatic residual chlorine recorder 
(for water) based on the photo-electric 
measurement of the yellow color pro- 
duced by o-tolidine in acid solutions. 

Taras (264) reports the preparation 
of two pH indicators for the determina- 
tion of total alkalinity. One exhibits a 
color change from pale purple (pH 
= 5.0) to blue with a violet tinge (pH 
= 4.0). The other changes from deep 
yellow to maximum muddiness in the 
same pH range. The first is particu- 
larly useful in yellow-colored  solu- 
tions where the bluish-violet endpoint 
is reflected back as a deep green. 

Stones (260) estimated small amounts 
as low as 0.05 p.p.m. of chromium by a 
colorimetric comparison of the magenta 
color formed with chromates reacting 
with diphenylearbazide in acid solu- 
tion. Pretreatment with sulfite fol- 
lowed by KMn0O, in acid converted 

the chromium to the chromate state. 

Crumpler (76) reports that in acid 
solution tetraethylenepentamine reacts 
with copper to form a copper-amine 
color complex that follows Beer’s law 
for the determination of copper over 
a wide range of concentrations. 

In the determination of dissolved 
oxygen Wileox (286) found that in 
using the amidol method of Isaaes and 
Gilereas it was necessary to add potas- 
sium dichromate to compensate for the 
yellow color developed. This color was 
found to be due to the presence of 
nitrites. Ishimaru and Tikafusa (156) 
reduced a standard solution of K,Cr.0, 

with Zn-Hg amalgam and the resulting 
Cr** was used to reduce the dissolved 
oxygen. The excess Cr*t is titrated 
with ferric alum. Air must be ex- 
cluded, of course, in this procedure. 
Dean and Hawley (78) devised a field 
kit for the determination of dissolved 
oxygen employing an_ electrometric 
method for the determination of the 
endpoint in the usual Winkler pro- 
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cedure. With this same kit they could 
also determine chlorides within 0.06 
om. per liter up to concentrations of 
95 om. per liter of chlorides. A silver 
electrode was used to determine the 
endpoint. Another field method for 
the determination of dissolved oxygen 
was advocated by Koblyanskii (174) 
who adds Mohr’s salt to the water 
under a layer of petroleum ether. 
Dimethylglyoxime is used to indicate 
the correct amount of salt to be added. 

Schneebeli and Staut (248) found 
in the determination of chlorides in 
water that if 1 ml. of K,CrO, (no con- 
centration of K,CrO, given) was added 
to 100 ml. of water followed by excess 
of AgNO,, the red color developed 
could be compared to standards. In 
the extraction of the colored compound 
of phenol with 2,6,-dibromoquinone- 
chlorimide, Basavilbaso (41) used iso- 
amyl aleohol instead of butyl alcohol. 
He claims that a purer extraction can 
be obtained and that 2 gammas per 
liter of phenol can be determined and 
1 gamma per liter estimated. Todd 
(267) uses an electrophometer instead 
of Nessler tubes in the determination 
of fluorides in water by Seott’s modi- 
fication of the Sanchis method. 

In an attempt to correlate B.O.D. 
with oxygen consumed values, Rhame 
(226) used standard dichromate and 
sulfurie acid and evaporated to a small 
volume. The excess dichromate was 
determined iodometrically. Consistent 
correlation between the two methods 
was not obtained. 

Haseltine (134) reviews _ several 
methods for the determination of ey- 
anides and concluded that the Eldridge 
method gives the best approximation 
for eyanide wastes containing 5 to 10 
p.p.m. The Friel-Wiest method can be 
used in presence of cyanates but its 
useful range is quite narrow. 


Sedimentation 


Hopkins (148) describes the use of 
transverse submerged baffles in the 
Montebello water filtration plant at 
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Baltimore, Md. Although used for re- 
moving sediment from water, the idea 
might be adapted for use with sewage 
and industrial wastes. The sedimenta- 
tion tanks are 320 ft. long, 230 ft. wide, 
13.8 ft. water depth, and are partly 
divided by a central wall 240 ft. long 
to ereate around-the-end flow. Two 
vertical wooden baffles are installed 
transverse to the direction of flow, the 
first 230 ft. from the entrance and the 
second about 70 ft. from the free end 
of the central division wall in the out- 
let section. The baffles extend from 
the floor to within 4.5 ft. of the water 
surface, and are solid except for ports 
which are opened only when cleaning 
the tanks. The baffles are topped with 
a parabolic overflow section extending 
2 ft. on each side. Sediment was de- 
posited with greater uniformity after 
bafflling, the first baffle being espe- 
cially effective in obtaining increased 
deposition. 

Herzik, Dabney, and Weiss (138) 
report performance data on two circu- 
lar sedimentation tanks in Texas. 
Sewage is channeled along the cireum- 
ference of the basin and downward by 
means of a circular metal skirt placed 
within the tank near the outside wall 
and extending from above the liquid 
surface to within a short distance of 
the bottom of the tank. The effluent 
is removed by means of a central 
notehed cireular weir trough with a 
diameter about one-half that of the 
tank. At Brownwood the tank serves 
as a primary clarifier, and with a the- 
oretical detention period of 4.97 hours 
obtains 42.9 per cent removal of the 
225 p.p.m. suspended solids in the in- 
fluent. At Greens Bayou the tank 
serves as a final clarifier following a 
single stage high-rate filter, and with 
a theoretical detention period of 2.73 
hours obtains 32.4 per cent removal of 
the 62 p.p.m. suspended solids in the 
tank influent. 

Hart (133), discussing the design of 
gravity type oil-water separators for 
removing oil from industrial waste 
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waters, states that laminar flow should 
be approximated. The factors impor- 
tant in producing laminar flow are the 
optimum cross section of the tank and 
the critical velocity of the fluid. 
When ground garbage is present in 
sewage, the solids and B.O.D. are re- 
moved by primary sedimentation as 
readily as are similar constituents from 
sewage without added garbage, accord- 
ing to Tolman (268). To insure no 
more solids and B.O.D. passing to sec- 
ondary processes than would be the 
case without the added garbage, it will 
be necessary to provide some additional 
detention time in the primary tanks. 


Chemical and Mechanical Treatment 


An increasing tendency to regard 
chemical treatment as an aid or supple- 
ment to secondary treatment is evident 
in the recent literature. 

Hurley (152), in writing on the use 
of chemicals in sewage treatment in 
Britain, says that chemicals as an aid 
to sedimentation are not widely used 
except where the chemicals are used 
for specific purposes, such as an auxili- 
ary in overloaded plants or to cope with 
abnormal conditions encountered when 
certain industrial wastes are treated 
with sewage. In Yorkshire, sulfuric 
acid is used to ‘‘erack’’ the mixed sew- 
age so that the grease from the wool 
factories can be removed and eventu- 
ally recovered. Hurley also reports 
that he has. performed a full scale ex- 
periment using the mechanical floccu- 
lation process. He considers it ad- 
visable to investigate this process quite 
extensively. 

In Halifax, England, the sewage con- 
tains trade effluents that are of a greasy 
and soapy nature. Lumb, et al. (190) 
report that it has been necessary to 
pretreat the municipal sewage before 
the biological processes are attempted. 
For many years sulfuric acid has been 
employed in conjunction with grease 
recovery. At times the sulfurie acid 
has been supplemented by alumino 
ferric when the economies of the com- 
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bination have been favorable. Labora- 
tory experiments using chlorinated 
copperas indicated that 122 p.p.m. of 
Fe were required to obtain optimum 
removal. The best coagulation was 
obtained in the pH range 4 to 5. Other 
experiments were carried out obtain- 
ing comparisons between ferric chlo- 
ride, ferric sulfate, and chlorinated 
copperas. The use of lime and chlo- 
rinated copperas proved too costly. 

At the Bradford Corporation’s 
Esholt Works (45) the sewage is com- 
prised of equal amounts of domestic 
sewage and wastes largely from the 
wool scouring industry. The mixture 
of the two contains 800 p.p.m. grease 
(29). Treatment is by addition of sul- 
furic acid to pH 3.5, followed by sedi- 
mentation and trickling filters. It was 
not found economical to raise the pH 
after ‘‘eracking.’’ An anticipated dif- 
ficulty is the treatment of mixed sew- 
age and wool scouring wastes when 
synthetic detergents are used for wool 
scouring. Experimental results show 
that an oxygen-absorbed reduction of 
only 25 per cent is obtained when a 1 
to 9 mixture of such scouring wastes 
and domestic sewage is acid treated. 
A similar mixture of conventional wool 
scouring wastes containing soap and 
sewage shows a 62 per cent oxygen- 
absorbed reduction under similar 
treatment. 

Goldethorpe and Nixon (112) de- 
seribe work with Huddersfield sewage 
containing equal parts of domestic 
sewage, woolen trade wastes and chemi- 
cal trade wastes, the bulk of the latter 
being separately sewered. The sewage 
and textile wastes are precipitated with 
acid, followed by settling and neutrali- 
zation. They are then combined with 
the separately settled chemical wastes 
and treated biologically. 

In this country a similar appraisal 
of the value of chemical treatment as 
an adjunct to secondary treatment is 
evident. Crist (75) describes a new 
plant designed to treat the mixture of 
domestic sewage of 3,500 persons and 
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1.3 m.g.d. of waste from grape, vege- 
table, and poultry processing. The 
eombined sewage has a _ population 
equivalent of 16,500 persons.  Pri- 
mary treatment will consist of lime and 
copperas addition for pH control and 
to improve primary settling. Second- 
ary treatment will consist of two high- 
rate filters and sedimentation. Sepa- 
rate sludge digestion is included. The 
primary treatment is designed to pro- 
duce a 50 per cent reduction of B.O.D. 
and suspended solids. 

A new 5 m.g.d. plant at Riverside, 
Calif., is described (157). It ineludes 
facilities for chemical precipitation, 
primary and secondary clarification, 
two-stage sludge digestion and chlori- 
nation. Ferrie chloride will be used 
for coagulation and the dosage will be 
automatically proportioned to flow. 

At Ridgewood, N. J. (14), the pre- 
treatment of sewage with alum has 
been discontinued, but there has been 
some research on certain phases of 
chemical usage in sewage _ plant 
operation. 

That chemical shortages have pro- 
duced an increasing concern with the 
possibility of manufacturing coagu- 
lants at the treatment plant is evident 
from the literature. At the new River- 
side, Calif., plant (157) ferrie chloride 
for coagulation and ferrous chloride 
for odor control will be produced by 
passing chlorine solution over scrap 
bailing wire. 

Ellis (92), in writing about the sew- 
age treatment plant at Kingston-on- 
Thames, England, cites an experience 
during the war. When bauxite could 
not be obtained from France for the 
manufacture of aluminum sulfate, it 
became necessary to use the ‘‘red 
mud’’ of the aluminum industry, which 
consisted principally of iron oxide. 
About 2 tons of this substitute material 
was used each day to manufacture 
what proved to be a fair precipitant 
in the treatment of sewage. It became 
necessary to inerease the degree of 
treatment, and to do this, crystalline 
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ferrous sulfate, produced as a waste 
from the manufacture of titanium 
oxide, was chlorinated and used. The 
chlorinated copperas proved to be less 
expensive and more efficient than the 
‘‘red mud.”’ 

The use of the autoxidation process 
for producing iron coagulants is de- 
seribed by Travaini (271). The proc- 
ess consists of blowing air and sulfur 
dioxide into tanks containing scrap 
iron and water. Sulfur dioxide and 
ferrous sulfate are simultaneously oxi- 
dized. A wide range of concentrations 
of ferrous sulfate, ferrie sulfate, and 
sulfuric acid may be produced. Ferric 
sulfate is produced at a cost of $19.19 
per ton and copperas at $9.58 per ton. 
These compare with delivered costs per 
ton of $40.50 for alum, $48.66 for ferric 
sulfate, $80 to $90 for ferric chloride, 
and $50 for copperas. The process is 
not recommended for small plants where 
skilled operators are not available. 

Keyes (168) discusses the principles 
and advantages of the autoxidation 
process. 

A new coagulant composition for 
sewage is described in a patent (235). 
Chlorides of various metals such as iron 
and aluminum are combined with pro- 
teins such as glue and gelatin to pro- 
duce the coagulant. It is claimed that 
the average sewage requires from 4 to 
8 p.p.m. of gelatin and 20 to 60 p.p.m. 
of ferric chloride. Iron requirements 
are reduced 20 to 50 per cent. <A 
tougher fioe is also claimed. 

Several papers dealing with research 
on chemical treatment of sewage were 
published. 

Hay (135) proposes a theory of 
chemical coagulation dealing primarily 
with water, but presumably applicable 
to sewage. The commonly accepted 
theory of coagulation by agglomeration 
is discussed and found wanting in the 
following respects : 

(1) If true agglomeration oceurs the 
observed rapid ‘‘break’’ with subse- 
quent extreme clarity of liquid would 
not be expected. 
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(2) With gradual agglomeration a 
critical concentration of coagulant 
would not be expected. 

The proposed protogel theory en- 
visions the formation of a gel-like strue- 
ture by the interlocking, either physi- 
cally or by attractive forces, of the col- 
loidal particles and coagulant. All 
foreign matter would be enmeshed in 
this so-called protogel. A subsequent 
shrinkage (syneresis) of the protogel 
would result in disintegration (the 
‘‘break’’) and the formation of small 
floes. Agglomeration would then re- 
sult in larger floes. 

According to the concept, all of the 
liquid would have been contained 
within the protogel structure and 
would have had to pass through its 
pores. 

Rudolfs (232), in his studies on co- 
agulation of sewage, states that the 
soluble or colloidal sol, and not the 
coarse dispersed material, is mainly 
responsible for the coagulant demand. 
Urine present in sewage contains sub- 
stances which absorb iron coagulants 
or interfere with the action of the 
coagulant. Additions of urine to sew- 
age result in poorer clarification with 
dron salts and require increased dosages 
of iron. Studies made on the action 
of lime in clarification of sewage have 
brought to light some interesting phe- 
nomena. The action of lime in elari- 
fication of water and sewage has gener- 
ally been attributed to the formation 
of calcium carbonate, on account of 
the neutralization of bicarbonates and 
carbonic acid with the lime. The Ru- 
dolfs tests indicate that 95 per cent of 
the turbidity in sewage is removed be- 
fore appreciable calcium is precipitated 
from solution. The phosphates nor- 
mally present in sewage have the great- 
est effect on coagulation, clarification 
and settling. 

Evidence to show that in coagulation 
by chlorinated copperas and acid the 
iron salt is effective in removing some 
of the material in true solution is 
presented by Lumb, et al. (190). 
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Biological Filters 


A series of articles (15) (110) (111) 
(220) reviews present day practice in 
the design of high and low rate filters. 

Dreier (87) calls attention to the 
need of standardizing the terminology 
to evaluate the performance and load- 
ings of trickling filters. The present 
standard filter design loadings are con- 
sidered too conservative. <A loading 
of 500 to 800 lb. B.O.D. per aere-ft. 
per day is considered feasible on filters 
not less than 4 ft. deep. 

Eseritt (95) reviewed. the 
factors on the basis of experience in 
Great Britain. 

The effect of artificial ventilation 
on the treatment of sewage by biologi- 
eal filters was discussed by Vosloo 
(280). It was coneluded that artificial 
ventilation has no effect on the per- 
formance of biological filters. 

The unstable character of biofilter 
sludge and the need for frequent re- 
moval from final settling units were 
experienced by Brown at Columbia, 
S. C. (57). 

Kennedy and Roberts (167) reported 
on recirculation tests to determine the 
relative value of filter effluent versus 
final effluent. The results were not 
convineing. Their data again serve to 
illustrate that plants operating in a 
highly satisfactory manner are poor 
places to prove or disprove the merit 
of different operating procedures. 

Additional operational data from the 
two-stage biofilter plant at Liberty, 
N. Y., are available (17). The com- 
parisons are made between results ob- 
tained during the winter, when the 
plant is operated as a straight trickling 
filter, and during the summer when 
much heavier loadings require opera- 
tion as a biofilter. 

From New Zealand comes a report 
of the operation of biofiltration plants 
serving army camps (228). The aver- 
age yearly B.O.D. reductions varied 
from 60 to 80 per cent. During the 
winter the reductions were 30 to 45 
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per cent. Flies and odors were not 
troublesome. 

A general discussion of the uses of 
DDT against insect pests encountered 
in sewage treatment plants was pre- 
sented by Hansens (123) and West 
(284). 

Attempts at controlling flies with 
DDT, and the death of rabbits feeding 
on the surrounding grass are recounted 
by Rhame (225). Better removal of 
fly larvae was obtained by shortening 
the draining period from the flooded 
bed, giving a greater velocity. Further 
improvement was also obtained by 
changing the position of the distributor 
spray plates so as to get the heaviest 
possible surface washing action. This 
change reduced the frequency of 
flooding. 

The results of a comprehensive ex- 
perimental study of the control of filter 
flies by insecticides were presented by 
Tomlinson and Jenkins (269). They 
found that DDT and gammexane in 
sufficient to kill Anitsopus 
fenestralis and Psychoda alternata had 
no effect on Lumbricullus lineatus and 
Achorutes subviaticus. Large scale ex- 
periments showed that 194 lb. of ereo- 
sote, 3 lb. of bleaching powder, or 75 
lb. of DDT per acre controlled the 
emergence of Anisopus. One pound of 
oammexane or about 50 Ib. of DDT 
per acre, when applied to sewage over 
a period of 1 to 2 hours, controlled the 
emergence of Antsopus. 

Spraying parts of the surface of the 
filter with 10 lb. of DDT and 1 Ib. of 
fammexane per acre controlled the 
emergence of Psychoda for 2 to 4 
weeks. Five pounds of DDT or 1 Ib. 
of gammexane applied to the sewage 
feed per acre controlled the emergence 
of Psychoda for 4 weeks. DDT and 
gammexane had no effect on the B.O.D. 
of the effluent or on nitrification, but 
the effluents were toxic to fish. 

Treatment of sewage and . textile 
plant waste on high-rate filters with a 
75 per cent yearly average B.O.D. re- 
duetion is reported from Sweden by 
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Johansson, et al. (159), in open filters 
at — 80° C. Forced ventilation or re- 
circulation did not improve the B.O.D. 
reduction. 


Activated Sludge 
Mechanics of the Process 


The utilization of organic substrates 
by activated sludge has been studied 
by Plaeak and Ruchhoft (214), who 
have presented data pertaining to the 
removal from solution, the oxidation 
and the conversion to protoplasm of 
36 pure organic compounds. The sub- 
stances studied include carbohydrates, 
aleohols, aldehydes and amino and 
other organic acids. Ease of removal 
of B.O.D. from solution seems to be 
more a function of the individual com- 
pound than of the class to which it be- 
longs. The removal is accomplished 
by adsorption, oxidation, assimilation 
and synthesis, all occurring coneur- 
rently but varying in proportion with 
the time interval and the substrate 
material. As a general rule, 90 to 99 
per cent of the compound is removed 
from solution by aeration with acti- 
vated sludge for 24 hours. The pro- 
portions of the substances oxidized and 
converted to sludge are as follows: 




















A ee Per Cent 
Per Cent Oxidized Converted 
Clase to 
vita af Protoplasm 
l (Organized 
Range Mean Sludge) 
———----~ |.- 
Carbohydrates 5-25 | 13 65-85 
Alcohols 24-38 | 30 52-66 
Amino acids 22-58 | 42 32-68 
Organic acids | 30-80 | 50 10-60 








Usually organie acids produce the 
smallest amount of activated sludge, 
and carbohydrates the largest. Normal 
activated sludge, when fed increased 
amounts of carbohydrates, quickly be- 
comes acclimated and because of rapid 
adsorption and assimilation, will pro- 
duce enormous quantities of sludge 
with high volatile solids content. 





Pillai, Gurbaxani and Subrahman- 
yan (213) have reported that when 
cultures of the yeast S. cerevisiae were 
aerated with sterilized sewage inocu- 
lated with the protozoa Epistylis, puri- 
fication of the sewage was poor. The 
injurious effect was traced to the prod- 
ucts of yeast fermentation, such as 
acids and alcohols, rather than to the 
yeast cells themselves. The addition 
of lime to the mixture neutralized the 
acidity and improved purification. 

According to Vladychenskii (279), 
activated sludge particles are nega- 
tively charged with an isoelectric point 
between pH 3.1 and 3.9. The viscosity 
of a sludge suspension reaches a mini- 
mum at pH 4to5. In high concentra- 
tions, sludge holds a_ considerable 
amount of water mainly by stereomet- 
ric solvation, 7.¢., in the structure which 
thé sludge assumes at high concentra- 
tions. For example, with 1.25 per cent 
solids, the water bound by the sludge 
was 82.5 per cent, but at 0.628 per cent 
solids, the percentage of bound water 
dropped to 17.15. The maximum ef- 
fective area of activated sludge ecalcu- 
lated from absorption data was 100 sq. 
meters per gram. 

Experimental work by Finch and 
Wright (101) has indicated that eco- 
nomic flocculation of sewage colloids 
may be obtained by mixing excess acti- 
vated sludge with settled sewage. If 
one-third to one-sixth of the sewage 
flow is treated by the activated sludge 
process, the remainder of the settled 
sewage may be mixed with the excess 
activated sludge to remove the colloidal 
material. About 3 to 8 per cent of 
sludge by volume will remove one-third 
of the colloidal solids in 30 minutes. 


Operation 


After a study of the thickening of 
activated sludge, Bloodgood (49) be- 
lieves that the maximum sludge concen- 
tration (expressed in percentage) that 
can be expected in an activated sludge 
plant is numerically equal to the sludge 
density index. When good activated 
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sludge is settled in a cylinder, the vol- 
ume of sludge does not decrease appre- 
eiably after 30 minutes. Further con- 
centration depends upon a_ physical 
change in the character of the sludge. 
The concentration and the sludge index 
are affected by the B.O.D. loading and 
by the amount of aeration or oxidation 
of the sludge. Bloodgood regards as 
impractical attempts to concentrate 
waste activated sludge which has a poor 
initial index, unless the sludge is held 
long enough for partial decomposition 
to take place. 

Bloodgood and Frazier (51) have 
reported the results of a combination 
of activated sludge and plain aeration 
at Indianapolis. An increase in sewage 
volume and concentration made it im- 
possible to treat all of the clarified 
sewage by the activated sludge process. 
Some had to be treated by plain aera- 
tion in order to remove as much B.O.D. 
as possible and to maintain the river 
into which the plant effluent discharges 
in a satisfactory condition. On the 
average, about one-third of the sewage 
was treated by the activated sludge 
process and the remainder by plain 
aeration. The plant effluent averaged 
45 p.p.m. suspended solids and 81 
p.p.m. B.O.D.—removals of 88 and 68 
per cent respectively. 

The operation of the San Antonio 
plant has been described by Berg (46) 
(47) who has found that the most 
satisfactory results are obtained when 
the suspended solids in ‘the return 
sludge are not less than 8 but not 
necessarily greater than 15 times the 
weight of the incoming suspended 
solids. 

Rath (221) has described the opera- 
tion of the Tallmans Island plant of 
New York City, where step aeration is 
provided. The flexibility supplied by 
step aeration has been used mainly to 
lessen the shock of sudden loads from 
industrial wastes or during storms. 

It was necessary to store activated 
sludge during the shutdown for coal 
conservation at the Northern Outfall 
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Works of the London (Eng.) County 
Council (278). The paddles in one 
aeration set were operated at the high- 
est possible speed to provide aeration 
and circulation of the mixed liquor. 
Once each day, the paddles were 
stopped and the sludge allowed to set- 
tle. Usually about 75,000 gal. (Imp.) 
of supernatant liquor of the total of 
1,200,000 gal. were pumped out and 
replaced by raw sewage. No diffused 
air was used. When the plant was 
restarted the stored activated sludge 
enabled the plant to go into effective 
operation quickly. 

From the results obtained at In- 
dianapolis, Ind., and at Findlay and 
Marion, Ohio, Tolman (268) concluded 
that garbage solids are oxidized by the 
activated sludge process as readily as 
are sewage solids. Edwards (89), on 
the basis of review of diffused air type 
aeration plants, came to the conclusion 
that no arbitrary: rules for the opera- 
tion of activated sludge plants can be 
set because of the variations in the 
characteristics of the sewage and of 
the flow. Experience with each plant 
will set the best method of operation. 
The discussion is around the following 
controllable variables: (1) volume of 
air, (2) concentration of suspended 
solids in the aeration tank, (3) aera- 
tion period, (4) rate of sludge return, 
and (5) condition of sludge. These 
variables should be changed according 
to loeal conditions, seasons and fluetu- 
ations in load. 

Design 

Philadelphia’s Northeast Treatment 
Works (244) is being converted into 
a 125 m.g.d. modified activated sludge 
plant. The air supply system provid- 
ing 0.4 cu. ft. per gal. of sewage is 
equipped with electrostatic dust pre- 
cipitators to minimize diffuser clogging. 
It is expected that the B.O.D. will be 
reduced from 200 to 50 p.p.m., which 
will leave sufficient oxygen in the Dela- 
ware River to support fish life. 

Friel (103) gave a comprehensive 
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cost analysis of the activated sludge 
plant at Abington Township, Pa. The 
plant is designed to handle 2.42 m.g.d. 
from a population of 20,000. It will 
provide for 1 hour primary settling, 6 
hours aeration and 2.5 hours of sec- 
ondary settling. Sludge digestion and 
sludge drying beds were also included. 
The total cost in December, 1946, was 
$638,800 as compared with $542,686, 
estimated on the basis of 1942 econ- 
struction costs. 

The proposed 4 m.g.d. activated 
sludge plant at Oshawa, Canada, will 
inelude the following, according to Wil- 
liams (290): (a) combination preaera- 
tion and grit removal, (b) air diffusion 
by swing diffusers, (c) Tow-Bro sludge 
collectors. The diffuser tubes are to 
be so spaced as to provide tapered 
aeration. 


Chlorination 


The applications of chlorine in sew- 
age treatment practice continue to in- 
crease in number and variety. In addi- 
tion, new chlorination processes have 
been developed to treat specific indus- 
trial wastes. Reports on basic research 
relating to sewage and industrial waste 
applications of chlorine, however, have 
been very limited. 

Published (68) during 1947, the 
‘‘Chlorine Manual’’ provides useful 
information concerning the character- 
istics of chlorine and recommends safe 
handling procedures. A subcommittee 
of the Sewage Works Practice Com- 
mittee of the Federation has been as- 
signed the development of a Manual of 
Practice on ‘‘The Use of Chlorine in 
Sewage Treatment.’’ A need exists 
for such a manual, and it is reported 
to be in a late stage of preparation. 


Chlorination Research 


Research studies of the virucidal ae- 
tion of chlorine, while made using con- 
taminated water as the medium, are 
of theoretical interest in the treatment 
of sewage. lLensen, Rhian, and Steb- 
bins (187) report the Lansing strain 








of poliomyelitis virus to be inactivated 
in water by chlorination at pH values 
ranging from 6.85 to 7.4 when residuals 
consisting of chloramine and some free 
chlorine were present after a contact 
period of 10 minutes. In general, the 
results of experiments indicate that re- 
sidual chloramine values of 0.5 to 0.75 
p.p.m. usually inactivate the virus in 
less than 2 hours contact, while residual 
chloramine values of 0.2 p.p.m. or less 
fail to inactivate the virus. Working 
with human subjects, Neefe, Baty, 
Reinhold, and Stokes (206) found the 
dosages of chlorine that are adequate 
for inactivation of the bacterial patho- 
gens occurring in drinking water may 
not be adequate for the inactivation of 
the virus of infectious hepatitis, par- 
ticularly if the water has a high con- 
tent of unoxidized organic material. 

In recent studies of the virucidal ac- 
tion of chlorine, it has been found im- 
portant to distinguish between chlo- 
rine residuals existing as free or as 
combined available chlorine. Defini- 
tions of the two types of residuals have 
been published (97) and suitable test 
methods are available to make the dis- 
tinction. In normal sewage chlorina- 
tion practice, however, only combined 
available chlorine residuals exist. 

Chlorination of sewage effluents was 
attempted by McLachlan and Gaillard 
(196) with the objective of the inacti- 
vation of poliomyelitis virus. For this 
purpose complete bacterial sterility 
vas sought. The varables studied were 
(1) chlorine dosage which varied from 
0.2 to 120 p.p.m., (2) contact time 
which varied from 10 minutes to 24 
hours and (3) ehlorine demand. Coli- 
form organisms were tested in 10 ml. 
portions and plate counts in 1 ml. por- 
tions. The studies were made with 
sand filter effluent. With 10 minutes 
contact time chlorine doses of 15 to 
95 p.p.m. were required to destroy all 
the coliform organisms and colony- 
producing organisms in the above 
stated portions of the effluent. It re- 
quired a great deal more chlorine to 
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destroy all growths on agar in 1 ml, 
portions than to get a negative B. coli 
test in 10 ml. portions. It was con- 
cluded that sterility as indicated by 
negative presumptive in 10 ml. portions 
and a negligible plate count with 1 ml. 
sample may be taken as an index of 
the efficiency of chlorination for the 
inactivation of the poliomyelitis virus. 
The choice for this purpose is between 
high doses (100 p.p.m.) with short con- 
tact periods and lower dosages with 
longer contact periods (24 hours). 
The disadvantage of the first is the 
adverse effect of high residuals in the 
effluent on the soil or stream, depend- 
ing on the final method of disposal. 
The second alternative entails the cost 
of large contact tanks. 

The chlorine demand concept as ap- 
plied to disinfection of sewage effluents 
is eriticized. No indication of break- 
point has been observed with dosages 
up to 120 p.p.m. 

In discussing the toxic effect of in- 
dustrial wastes, Hedgepeth (137) 
points out, ‘‘Sanitary engineers do not 
normally think of chlorine as a pollu- 
tional substance, but it must be classi- 
fied as such if ‘‘too much’’ is dis- 
charged into game fish streams.’’ His 
statement is of interest in connection 
with a report (31) summarizing un- 
published investigations by the British 
Water Pollution Research Board. This 
report cites experiments demonstrating 
free chlorine in a concentration as low 
as 0.3 p.p.m. to be appreciably toxic 
to fish. Even when chlorination is 
regulated in such a way that no re- 
sidual free chlorine is present in the 
effluent discharged to the stream, it 
may still be fatal to fish life. Chlorina- 
tion of effluents containing thiocyanates 
(from gas works liquor or other chemi- 
eal wastes) is found to produce espe- 
cially toxic reaction products. The 
limited data cited do not indicate 
whether toxicity was related to the 
chlorinated effluent, or to the chlo- 
rinated effluent after dilution. For 
practical consideration, these studies 
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must be related to the dilution and 
the chlorine demand created by the 
receiving stream. 

Biological treatment of wastes con- 
taining certain chemical substances 
may be difficult if the wastes are chlo- 
rinated. Harlow (124) states that 
some chlorinated phenolic wastes re- 
quire special treatment, and that chlo- 
rine substitution in the para position 
seems to render these compounds diffi- 
cult to treat biologically. 

The chlorine demand of activated 
sludge effluent has been found by Berg 
(47) to vary inversely with the degree 
of purification. He finds a good efflu- 
ent (low in ammonia and high in ni- 
trites) to have a higher chlorine de- 
mand than does a less highly purified 
effluent (high in ammonia and low in 
nitrites). The amount of chlorine re- 
quired by the former is 30 to 35 Ib. 
per mg., while the amount required by 
the latter is about 15 pounds. It is con- 
sidered difficult to estimate the bac- 
terial quality of an oxidized effluent 
by the chlorine residual present. 


Chlorine Applications 


Cameron (64) has provided data on 
the unusual chlorinating facilities in 
use at Atlantic City, N. J. A ton con- 
tainer storage platform and scale house 
are located on the mainland, and each 
of 2 seales holds a 1-ton container of 
chlorine. Liquid chlorine is_ sent 
through 1,600 ft. of pipe (provided 
with 5 expansion bends), supported 
on a footbridge, to the chlorine build- 
ing on an island where the sewage 
treatment plant is located. This build- 
ing houses liquid chlorine evaporators 
and solution chlorinators. Liquid 
chlorine enters the pipe line through a 
ball check valve, designed to stop the 
flow of chlorine in the event of a break 
in the chlorine line. The installation 
has given satisfactory service for a 
period of 5 years. 

An unusual situation exists at the 
Niagara Falls, N. Y., plant which treats 
sewage containing industrial wastes by 
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fine screening and chlorination, treat- 
ment being largely to reduce bacterial 
pollution of the Niagara River. Smith 
(254) reports that the high chlorine 
content of certain wastes necessitates 
only part time operation of chlorinators 
at the plant. Residual tests are made 
at least hourly on both influent and 
effluent. Average residual chlorine in 
the plant effluent is.3.4 p.p.m., the 
minimum being 0.2 p.p.m. and the 
maximum 280 p.p.m. 

According to Casey (66), consump- 
tion of chlorine at the Richmond- 
Sunset plant of San Francisco is 30 
lb. per m.g. for prechlorination to con- 
trol odors, and 90 lb. per m.g. for post- 
chlorination. Kennedy (166) describes 
the program under way to eliminate 
discharge of untreated sewage at San 
Francisco; additional chlorinating ca- 
pacity will be provided at this plant, 
and similar facilities will be included 
in the new North Point plant. 


Chlorination for Disinfection 


An effluent of consistently good bac- 
terial quality has been produced (166) 
at the Richmond-Sunset plant. This is 
demonstrated by analyses of the beach 
waters, which show a coliform index 
of less than 10 per ml. (the limit set 
by the State Department of Public 
Health). 

Chlorination of the entire flow of 
Los Angeles sewage, averaging 198 
m.g.d. during 1947, permitted (11) 
lifting of a quarantine from 4.5 of the 
11.5 miles of beaches previously closed 
to public use because of pollution. 
This treatment required the application 
of 18 tons of chlorine per day. Until 
adequate treatment and outfall facili- 
ties are provided, the sewage receives 
only coarse screening and chlorination 
during the 5-month bathing season. 
The criterion adopted for safe bathing 
is that less than 20 per cent of the 
samples taken over a period of time 
shall have 10 or more £. coli per ml. 
Beach quarantines were placed and re- 
moved on this basis. This installation 
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has a maximum capacity of 21 tons per 
day and is second in size only to the 
world’s largest (at Detroit, 27 tons per 
day capacity); it will become a part 
of the new activated sludge treatment 
plant. The demand of this sewage is 
such that chlorinating capacity is in- 
adequate during certain periods of the 
day. Of total daily operating costs of 
$1,494, the cost of chlorine is $1,165. 
In early September, 1947, due to a 
shortage of chlorine in California (12), 
the application of chlorine at Los An- 
geles was stopped. This necessitated 
réimposition of the recently lifted 
quarantine on nearby beaches. The 
shortage of chlorine was caused by lack 
of electric power at a West Coast elec- 
trolytic chlorine plant; the power 
shortage was not expected to be of long 
duration. 

Johnson (160), summarizing operat- 
ing data from the Buffalo plant, shows 
primary settling and chlorination to 
reduce presumptive coliform bacteria 
from 90,900 per ml. of raw sewage to 
1,830 per ml. of treated effluent. Chlo- 
rine demand of the raw sewage aver- 
ages 4.6 p.p.m. However, supernatant 
liquor from sludge digesters has an 
average chlorine demand of 331 p.p.m., 
and the addition of this liquor raises 
the total demand to an average of 4.91 


p.p.m. 
Chlorination in Secondary Treatment 

Operating studies involving a large 
number of B.O.D. tests on activated 
sludge effluent before and after chlo- 
rination are reported by Berg (46) to 
show that chlorination at the San An- 
tonio, Texas, plant accomplishes an 
average B.O.D. reduction of 30 per 
eent. The extent of B.O.D. reduction 
is found to depend on the amount of 
chlorine applied, and not on the re- 
sidual obtained. 

Rath (221) describes facilities for 
thickening activated sludge at the Tall- 
mans Island, N. Y., plant. During cold 
weather, dilute activated sludge can be 
pumped from thickeners to primary 
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settling tanks where it mixes with pri- 
mary sludge and settles readily. In 
hot weather, chlorine is required to 
prevent the sludge from becoming sep- 
tic; otherwise bulking would prevent 
maximum concentration of sludge 
needed to avoid overtaxing digesters. 
The data show that chlorine was ap- 
plied in a 25 p.p.m. dose for this pur- 
pose during the summer. 

Chlorination is found beneficial in 
the Marshalltown, Ia., activated sludge 
plant (19) where it is employed to 
manufacture ferrous or ferric chloride 
for seasonal pretreatment of cannery 
wastes. New plants described by Friel 
(103) and by Williams (290) include 
chlorination as a part of activated 
sludge treatment, for application to 
return sludge and for effluent dis- 
infection. 


Chlorination in Industrial Waste 
Treatment 


A comprehensive discussion of the 
characteristics of wool scouring wastes, 
of older methods of treatment, and of 
a new treatment process employing ¢al- 
cium hypochlorite solution is provided 
by Faber (96). About 98 per cent of 
the grease contained in the raw waste 
is reported to be removed, and about 
75 per cent of the grease is recovered 
and marketed. Practically all of the 
suspended solids, and from 80 to 90 
per cent of the B.O.D., is removed by 
the treatment. In a discussion of this 
paper it is pointed out by Campanella 
that chemical engineering principles, 
rather than sanitary engineering meth- 
ods, may be required in order to devise 
suitable methods for treating certain 
types of industrial wastes. 

Dobson (82) has reviewed methods 
for treatment of metal plating wastes 
containing ecyanides, and has described 
in detail the chlorine method which is 
reported to be simple, highly efficient, 
and competitive in cost with any other 
method. Reactions given show that 
chlorine first oxidizes cyanides to cya- 
nates and then, in a second reaction 
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slower than the first, oxidizes cyanates 
to carbon dioxide and nitrogen. Ex- 
cess chlorine is required in the second 
reaction. At least 7.385 parts of chlo- 
rine are required per part of cyanide, 
and the pH value of the treated solu- 
tion must be maintained at 8.5 or 
above. Either caustic soda or lime may 
be employed as the alkali. Results 
show that when free available residual 
chlorine is present after the reaction 
no cyanide will be present. 

At an industrial plant in Meadeville, 
Pa., Barnes (40) describes the treat- 
ment of cyanide wastes by means of 
excess iron and lime to form harmless 
salts of cyanogen. An increase in the 
volume and concentration of cyanides 
led to study of the chlorine method of 
treatment and to its adoption on full 
plant scale. Average cyanide content 
of these wastes is given as 212 p.p.m. 
before treatment, and as 1.2 p.p.m. 
after treatment. Oeming (208) also 
discusses the chlorine process of treat- 
ing cyanide wastes and considers it the 
method having the widest range of 
adaptability. 

For temporary treatment of tannery 
effluent, Howard (151) reports that the 
addition of 300 p.p.m. of chlorine ef- 
fectively coagulated suspended solids 
and materially corrected odor condi- 
tions in the receiving stream. Accord- 
ing to Marshall (191), beet cannery 
wastes received at a primary sewage 
treatment plant increase the chlorine 
demand (the waste has a chlorine de- 
mand varying from 220 to 460 p.p.m.). 
Also, the red color of the wastes per- 
sisting through the plant makes it im- 
possible to use the regular orthotolidine 
test for residual chlorine. The results 
cited indicate that the chlorine dose 
has not been adequately increased ; 
when only domestic sewage is treated, 
the effluent has less than 100 E. coli 
per 100 ml.; but when beet canning 
wastes are received, the effluent may 
contain as high as 1.25 million per 
100 ml. Labratovich (181) describes 
the effect of lime wastes from an acety- 
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lene manufacturing plant upon chlo- 
rination of sewage. The average pH 
value of 7.3 to 7.7 was increased to a 
value of 8.4 to 8.9 and, despite the 
maintenance of 0.2 p.p.m. residual 
chlorine after 20 minutes contact time, 
disinfection efficiency was materially 
decreased. During the periods these 
wastes were received, an increase of 
19,000 bacteria per ml. over the an- 
nual average of 3,400 was noted. 


Chlorine Products in Sewage Treatment 


The development of Cloroben treat- 
ment in Los Angeles has been reviewed 
by Brown (58), who reports more than 
50 dosing stations to be in operation; 
in these, the application rate is varied 
with the sewage flow and with the 
Cloroben demand of the sewage. Inhi- 
bition of hydrogen sulfide and reduc- 
tion of relative humidity within the 
sewers (both are factors involved in 
formation of sulfuric acid and in the 
deterioration of concrete) are largely 
accomplished by applying a Cloroben 
dose varying from 1.0 to2.0 p._pm. A 
paper by Appel (38), also with refer- 
ence to Los Angeles practice, points out 
that the sulfide content of sewage 
reaching the Hyperion plant was for- 
merly from 5 to 10 p.p.m. but has been 
reduced by Cloroben treatment to not 
over 1.5 p.p.m. Operation of 4 venti- 
lating stations, installed to reduce hy- 
drogen sulfide in the outfall sewer at- 
mosphere, is no longer required; the 
resultant saving accomplished is $20,- 
000 per year. 

Chlorine continues to be used in cer- 
tain sewage treatment plants for pro- 
duction of ferrous and ferric chloride 
by means of the Seott-Darcey process. 
At San Diego, Calif., Quartly (218) 
describes application of chlorine and 
ferrous chloride to raw sewage for odor 
control and for control of hydrogen 
sulfide. At Wickenburg, Ariz. (22), 
ferrous chloride is applied to raw sew- 
age for odor control, and ferric chlo- 
ride is applied for coagulation. 
Chlorinated copperas is employed in 














routine operation of the Guggenheim 
process sewage treatment plant at New 
Britain, Conn., according to data pub- 
lished by Szymanski (263). 


Sludge Digestion 
Operation 

The practical and theoretical aspects 
of sludge digestion are concisely dis- 
cussed by Schlenz, Buswell and Tatlock 
(240) (60) (265). Due to the role 
digestion plays in stabilizing and re- 
ducing the bulk of sewage sludge 
Schlenz (240) observes that a properly 
designed and operated digestion system 
should serve to moderate and adjust 
the effects of peak loads in operating 
clarifiers. He discusses the objects, 
aims and control of digestion and shows 
facilities for maintaining the desired 
results. The control of proper balance 
in volatile acids is considered superior 
to using pH control. 

Buswell (60) deals with the micro- 
biology and theory of anaerobic diges- 
tion. He considers the problem pri- 
marily from a purely chemical stand- 
point and regards ‘‘sewage purifica- 
tion as simply the removal of carbon- 
hydrogen compounds.’’ He also states 
that ‘‘anaerobic fermentation has long 
been recognized as the cheapest method 
of removing organic matter, carbon 
and hydrogen from sewage or waste 
liquors where conditions are suitable 
for its application.’’ Due to the cheap- 
ness of this process it properly deserves 
the intensive study it is beginning to 
receive. He describes the characteris- 
tics of the few organisms responsible 
for methane production in anaerobic 
fermentation. As a result of bacterio- 
logical research Buswell feels that we 
are now nearing the goal where we can 
control the digestion process in a man- 
ner approaching that of other fermen- 
tation industries. He lists four condi- 
tions upon which high digester yields 
depend: (1) large surface, (2) volatile 
acids control, (3) control of seum for- 
mation, and (4) elimination of fibrous 
materials. 
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In discussing the foregoing, Tatlock 
(265) aptly states that intelligent pro- 
cedures in digester operation are fre- 
quently better than increasing diges- 
tion space in a given plant. He stresses 
the importance of balancing the addi- 
tion of fresh sludge with digested with- 
drawals in digestion tanks, proper 
regulation of temperature throughout 
the entire tank, and agrees with Bus- 
well and Schlenz on the control of 
volatile acids and scum. 

Rath (221) reports on sludge diges- 
tion and gas engine operation at the 
Tallmans Island plant of New York 
City. On the other side of the Atlantic 
Townend and Lockett (270) contribute 
some more information on sludge di- 
gestion at the Mogden Works of Wes 
Middlesex, England. The sludge from 
the primary digesters is pumped 7 
miles to the disposal site where pro- 
longed settlement in secondary storage 
produces clear supernatant and di- 
gested sludge. Yeast waste caused trou- 
ble in the sedimentation tanks, which 
problem was overcome by delaying the 
fermentation of the waste for an hour 
by dosing the waste at the factory out- 
let with copper sulfate. 


Heating 


The various methods of heating 
sludge during digestion are evaluated 
and discussed by Miles, Rudolfs, Rawn, 
Bacon and Ludwig (200) (231) (222). 
Miles (200) lists the factors peculiar 
to sludge digestion, basic principles of 
heat exchange and the various kinds 
of heaters. His criticism of the mis- 
use of the term ‘‘radiant heat’’ for 
using the tank walls as a heat ex- 
changer in a digester full of highly 
aqueous sludge is well taken. In the 
ease of submerged gas burners his 
raising the question of the danger of 
introducing an open flame into a di- 
gester may, at first sight, seem also well 
taken. However, the open-type burner 
can be used outside of the digestion 
chamber in a manner quite similar to 
the use of steam at San Diego (217), 
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without any danger, without the neces- 
sity of diluting digestion gases with 
combustion gases, and with all of the 
advantages deriving from quick acces- 
sibility. Keefer (163) apparently over- 
looked this easy application. 

Miles favors external heat exchangers 
over internal heating coils on the 
erounds of accessibility, flexibility and 
ease of heat control. Rawn, Bacon and 
Ludwig (222) agree with this view- 
point and stress the thermodynamic 
advantages gained from direct heat ex- 
change. Rudolfs (231) emphasizes the 
factor of heat losses in designing di- 
gesters and agrees that the sludge heat- 
ing methods most commonly used need 
improvement. 

External heaters employing live 
steam, as advocated by Rawn, Bacon 
and Ludwig, certainly demonstrate 
improvement in the two following 
references. 

Gunson (119) reports gratifying re- 
sults at Denver in heating primary 
digesters by means of direct injection 
of live steam into the sludge. The use 
of a steam injector eliminates the use 
of a special recirculating pump, while 
supplying all the heat necessary for 
digestion. After 8 years of service 
with heating coils the injectors were 
installed between the raw and digested 
sludge lines on the primary digesters. 
Their use not only eliminated colder, 
dormant pockets in the digester but 
completely removed the scum blanket 
that had accumulated. The tempera- 
ture of the tank contents was also 
raised from about 85° F. to a more 
uniform and beneficial range of 95° 
to 105°. 

Rawn ef al. in their foregoing dis- 
cussion refer to the use of live steam 
at San Diego. This installation is de- 
scribed by Quartly (217). He relates 
the suecessful recourse to this method 
of heating to bring definitely over- 
crowded digesters back to maximum 
heating efficiency in San Diego. The 
original hot water heating facilities 
were inadequate to maintain digestion 
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temperatures above 83°. Now a 
constant-level sludge heating box of 
conerete is used on the roof of the 
digester control building to permit 
maintaining a constant level of raw 
sludge during its heating by live steam 
and to insure gravity flow of heated 
sludge to the primary digesters. This 
6-ft. cube concrete box has a removable 
cover and contains a partition having 
a constant-level overflow weir. Un- 
heated raw sludge and live steam enter 
the constant-level chamber. 

Notwithstanding the extreme sim- 
plicity of these two methods of heating 
digesters and the logical criticism of- 
fered by Miles about imbedding heat- 
ing coils in the cement walls of a 
digester, this latter method of produc- 
ing heat transfer is to be used in the 
digesters designed for Puyallup, Wash., 
according to Sphar (257). It will be 
interesting to learn how the design for 
Puyallup solves the problems of ex- 
pansion and contraction of the im- 
bedded tubes carrying water at tem- 
peratures above 140° F., and of the 
lowered resistivity of the hot inner 
eonerete tank surface to solution action 
by HCO, and other solute ions at 
140°. Furthermore, there is the sub- 
ject of heat loss, to which Rudolfs di- 
rects attention. With solid digester 
walls heated to 140° they will have to 
be guarded well against reverse heat 
losses by a most efficient outside insu- 
lating barrier. 

This subject of heat losses is mathe- 
matically treated by Montgomery (203) 
and Candee (65). These authors pre- 
sent two methods of computing heat 
losses in digesters. The former utilizes 
eraphs and the latter a relatively sim- 
ple tabulation. 


Scum 


Gilbert (109) shows the need for 
preventing scum formation in sludge 
digestion tanks and emphasizes the role 
played by scum breakers in maintain- 
ing volumetric efficiency in rectangular 
and circular digesters. 
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Doman (86) presents a logical pro- 
cedure for approximately determining 
the location and thickness of layers of 
scum, supernatant and sludge in di- 
gesters by rapid volumetric deter- 
minations of settled solids in collected 
samples. The accuracy depends on 
vertical spacing of sampling pipes in 
the lower and upper halves of a diges- 
tion tank and on daily recordings of 
samples taken from these pipes plus 
an extra sample from one of the de- 
canting pipes. 

What can happen to a fixed-roof di- 
gester when a heavy scum accumulation 
seals the tank outlets is described by 
Albertson (2). The primary digester 
at Highland Falls, N. Y., became a 
closed hydraulic cylinder with its out- 
lets sealed and with sludge delivered 
to the tank by a plunger pump. The 
result was a ruptured digester roof. 

Rankin (219) goes into the problems 
of persistent scum accumulation in 
digesters, their various causes and 
remedies. He classifies seum-forming 
materials and presents examples of 
small plants where the elimination of 
scum-forming materials of industrial 
origin at their source has solved scum 
problems. He also discusses control 
measures at the digester by recircula- 
tion of liquid digester contents and 
digester design for scum _ control. 
Schlenz (240) discusses the problems 
presented by Rankin and shows pro- 
prietary methods of operation and de- 
sign for scum control. In another 
article (241) Schlenz reviews methods 
for controlling digester scum by re- 
circulation of warm digester liquor 
into the scum zone. 

Flood (102) also argues that scum 
particles must be well moistened by 
recirculation of warm liquor from be- 
neath the scum to the zone above it. 
Seum must also be maintained at opti- 
mum alkalinity and temperature and 
kept saturated with biologically active 
organisms. He shows a method of 
doing this in fixed-cover digesters. 
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The construction also permits the use 
of external heat exchangers. 


Gas Utilization 


Gould (115) presents an informative 
review of gas utilization experience 
gathered in the various sewage works 
of New York City. However, one 
should remember that these particular 
plants are our greatest source of ex- 
perience because they utilize more di- 
gester gas in combustion engine power 
units than in the balance of the United 
States and Canada combined. There 
is nothing unique in digestion practice 
in these plants and the experience 
gained with gas engines has been 
highly satisfactory. The author out- 
lines conditions favoring digestion in 
the New York City plants and gives 
an account of the various operating 
installations with outlines of those that 
are projected. He also cites the tests 
made at Tallmans Island with the 
Dual-Fuel engine that has attracted 
so much attention. This engine was 
converted to the Diesel cycle to pro- 
vide higher efficiency. Its advantages 
in economy are promising enough to 
warrant further installations. 

Boehm (52) discusses the Dual-Fuel 
engine further, emphasizing its higher 
thermal efficiency due to high compres- 
sion, and presents further statistics 
gained at Tallmans Island. He also 
points out that where there is an abun- 
dance of gas and a number of engines 
in a plant, only as many of the Dual- 
Fuel type will be required as are 
necessary for initial plant functioning 
and continuity of operation. 

Larson (184) shu:vs how 1 of 2 small 
gas engines has been effectively used 
at the Battle Creek, Mich., plant to 
pump over 22 billion gallons of sew- 
age for 80,000 hours during the past 
decade. It used about 40 million eu-ft. 
of digester gas. 

A somewhat similar story comes 
from Martin (192) of Green Bay, Wis., 
where two gas engines produced a good 
net profit in 8 years of operation. The 
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use of detergent oil has reduced oil 
consumption. At Fort Wayne, Ind. 
(27), similar savings are also empha- 
sized. Here the 465 h.p. Worthington 
vas engine has made a saving of $199,- 
000 in 6 years of operation. The origi- 
nal cost was $30,000. 

Such benefits cannot be obtained 
without proper maintenance and opera- 
tion. Kraus (178) handles this sub- 
ject well in relating the experiences 
gained at Peoria, IIl., in carrying out 
the program for maintenance at that 
plant. The thorough information 
covers a period of over 10 years of 
careful operation in a plant having no 
standby equipment other than pur- 
chased power. Two gas engine units 
are involved, 7.e., one of 300 h.p. driv- 
ing a 200 kw. generator and another 
of 535 h.p. driving a Roots-Connersville 
blower supplying 12,600 cu.ft. of air 
per minute. The author supplies valu- 
able data on liner and piston ring wear, 
lubrication, bearings, valves, ignition, 
water circulation and power cost. The 
engines generated about 97 per cent of 
power requirements in 10 years and 
have saved the Peoria Sanitary District 
$36,000 annually. The estimated cost 
of power produced is 2.6 mills per 
kw. hr. 

A digest of a recent round table dis- 
cussion on servicing gas engines is also 
presented in Sewage Works Engineer- 


mg (24). 


Garbage Digestion 


Backmeyer (39) describes experi- 
ence gained with dual disposal at 


Marion, Ind., during the past 5 years. 
He also reviews a series of experiments 
involving garbage digestion in small 
units. Originally in this plant garbage 
was ground and added to the raw sew- 
age at the wet well. This required ex- 
cessive time for drawing primary 
sludge to digestion, increased the sec- 
ondary treatment load, and resulted in 
too much unsightly material getting 
by the grease skimmers. <A separate 
varbage receiving and mixing well with 
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piping to digestion was installed and 
proved successful. Lime is used to 
adjust the pH if ground garbage is left 
too long in the well. 

The author also reports interesting 
studies made to determine what per- 
centage of the total gas generation 
comes from sewage solids and from 
garbage solids. During the summer 
months the amount of garbage ground 
inereases 400 per cent and gas produc- 
tion increases 30 per cent. Good circu- 
lation of primary digested sludge is 
essential to uniform digestion tempera- 
ture and maximum reduction of the 
volatile matter. Digestion of ground 
garbage with sewage solids increases 
the suspended solids in the super- 
natant. In adding ground garbage 
directly to digesters, in order to avoid 
trouble, it is necessary to remove grit 
and various other items of indestructi- 
ble material. 

Tolman (268), from a study of a 
survey of plants receiving garbage, 
came to the conclusion that: (a) gar- 
bage solids are digested readily, (0) 
gas production is increased in direct 
proportion to the amount of garbage 
volatile solids added, and (c) the di- 
gested sludge is of somewhat lower 
solids content. A digester capacity of 
about 3 cu. ft. per capita was neces- 
sary for garbage added at the rate of 
2 tons per m.g. of sewage. Most of 
the plants had overloaded digest rs. 


Solids Content 


Keefer (164) reports on laboratory 
digestion investigations of Baltimore 
sludge cake of high volatile and solids 
eontent. These experiments involved 
the use of sludge cake containing about 
30 per cent solids resulting from co- 
agulating with ferric chloride and fil- 
tering mixtures of raw and seeding 
material. Although the conclusions 
are that sewage sludges digest over a 
considerable range of contents in solids, 
it should be interesting to investigate 
this problem without the use of bac- 
tericides like ferric chloride, e.g., on 
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sludges that have been concentrated 
by centrifuging. 


Phosphates 


Rudolfs and Stahl (233) discuss the 
effects of phosphates on sludge diges- 
tion. The percentage of phosphates 
expressed as P.O, is higher in digested 
than in primary sludge. This indicates 
that the phosphates are largely precipi- 
tated. The indication is strengthened 
by the fact that the P.O, content in- 
creases in sludge resulting from chemi- 
eal treatment. According to standard 
works on physiological chemistry, the 
insoluble phosphates found in feces are 
largely of insoluble ‘‘earthy’’ phos- 
phate origin. 

Experiments involving additions of 
various soluble phosphates to seeded 
raw sludge samples were undertaken. 
The authors state that in general, all 
phosphorous compounds added had the 
effect of retarding digestion and pro- 
duced less combustible gas. No direct 


correlations were found between the 
quantity of phosphorus present and 
the rate of decomposition. 


Rudolfs and Falk (234)  subse- 
quently report efforts made to deter- 
mine the effects of phosphorous com- 
pounds on the clarification of digester 
supernatant. There were no _ pro- 
nounced effects and the use of phos- 
phorie acid produced the least of any. 


Toxic Effects 


Wischmeyer and Chapman (292) re- 
port on experiments conducted to de- 
termine the toxic effect of various con- 
centrations of nickel salts on sludge 
digestion. The results indicate that 
nickel sulfate and nickel ammonium 
sulfate containing up to and including 
500 p.p.m. nickel do not retard normal 
digestion, but rather tend to increase 
activity. Higher concentrations defi- 
nitely retard activity. 

Rudgal (230) reviews the effects of 
copper wastes on digestion as reported 
in the 1946 Annual Report of the 
Kenosha, Wis., plant. These effects 
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have been detrimental and costly. The 
condition is being corrected through 
bypassing the toxic waste into Lake 
Michigan without treatment. In the 
foregoing reference (270) to the Town- 
end and Lockett report on digestion 
at Mogden, it will be recalled that cop- 
per sulfate was used to dose yeast waste 
before dumping it into the sewer. Evi- 
dently this is a case of using a toxic 
electrolyte in small enough quantities 
to eliminate trouble in plain sedi- 
mentation without causing trouble in 
digestion. 

The effects of beet canning waste on 
digester gas production at Geneva, 
N. Y., are shown by Marshall (191). 
During the canning season there is 
about a 29 per cent increase in gas 
production but the methane content is 
lower and more gas is required to main- 
tain the desired digestion temperature. 
This may be a ease of the effect of 
volatile acids mentioned by Schlenz 
and Buswell (240) (60). 


Design 

For several years the digester super- 
natant at the Richmond-Sunset treat- 
ment plant in San Franciseo has been 
partially clarified by elutriation. This 
procedure also concentrates the solids. 
In the design of the enlarged Richmond- 
Sunset plant, Kennedy (166) indicates 
how elutriation will be used first to 
concentrate the solids and clarify the 
supernatant between stages of diges- 
tion, and then used in the usual manner 
after digestion, to further reduce co- 
agulant requirements. 

Vermette (277) outlines methods of 
reducing construction costs of sludge 
digesters in small plants. 


Sludge Disposal 
Sludge Drying Beds 


Aids for designers in determining 
the cost of artificially heating and ven- 
tilating glass-covered sludge drying 
beds are presented in an article by 
Kozma (177). Such heating and ven- 
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tilating are stated to afford the follow- 
ing advantages over unheated covered 
beds: (a) drying throughout the win- 
ter is feasible, (b) areas of drying beds 
ean be further reduced, (c) capacities 
of digestion tanks may be reduced. 
The tables and diagrams presented 
are set up with a high factor of safety 
because of the few operating data 
available. Whereas some feel that the 
covered bed is too eostly for its advan- 
tages (and disadvantages) (63), a re- 
appraisal in the light of heated beds 
may well be in order. From the hypo- 
thetical eases worked out by the author 
it appears, based on the liberal allow- 


ances made, but with high initial 


sludge concentration, that the installa- 
tion of heating equipment in beds may 
be justified only where high land val- 
es, expensive construction, or lack of 


for further plant expansion 
would foree designers to resort to more 
costly sludge drying methods. The 
author feels that this is particularly 
true in small plants where vacuum 
filtration would be impractical, unless 
perhaps the new cord filter could win 
its position in such eases. 

Kunsech (179) gives comparative 
(lata on sludge cake removal from dry- 
ing beds by means of an existing in- 
dustrial railway, an overhead scoop 
loader, bucket elevator, side-bin tractor 
and dump truck. Advantages and dis- 
advantages of each are quoted. Lack 
of labor to operate the industrial rail- 
way system originally provided led to a 
review of other methods. For Urbana- 
Champaign conditions direct loading to 
trucks was adopted. 


space 


Sludge Conditioning and Dewatering 


Changes in the viscosity of humus 
sludge during coagulation were studied 
by Inkster (154). The coagulants used 
were ferric chloride, acidified ferric 
chloride and alumino ferric. In gen- 
eral the sludge passed through a maxi- 
mum viscosity at some coagulant 
dosage. In the ease of ferric chloride 
there was some correlation between 
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optimum dosage for coagulation and 
dosage at maximum viscosity. The 
phenomenon could be explained by 
electrostatic attractions between sludge 
particles arising through uneven dis- 
tribution of charge, when adsorption of 
coagulant ions took place. The pres- 
ence of acid depressed the viscosity 
maximum and it was suggested that 
this was due to the displacement of 
coagulant ions by acid ions. There is 
a probable linear relationship between 
dosage of sludge with ferric chloride 
for effective drainage and dosage at 
maximum viscosity, but the following 
factors interfere with this relation: 
(1) the very high variance of the re- 
sults of initial viscosity measurements 
which arise through lack of uniformity 
in mixing, (2) the marked influence of 
acid, which leads to a sharply defined 
viscosity at low coagulant concentra- 
tion, although the acid inhibits coagu- 
lation, and (3) the specific nature of 
the viscosity maximum for the type of 
coagulant used. 

Laidlow (183), on the basis of ex- 
perimental work, attempted to evalu- 
ate the effect of reducing agents in 
digested elutriated sludge on the quan- 
tities of ferric chloride necessary for 
vacuum filtration. This was arrived 
at by comparison of filtration rates of 
aluminum chloride and ferric chloride. 
For the same sludge, 10 to 15 per cent 
less aluminum chloride than ferric 
chloride was required. Comparisons 
were also made of the required dosages 
of these two chemicals, when the sludge 
was maintained in an oxidizing state 
by the addition of chlorine. With such 
treatment there was little difference in 
ferric and aluminum dosages. 

Discussing the merits of sludge elu- 
triation, Genter (107) points out that 
the use of lime and ferric chloride to 
condition ripe sludge for filtration may 
result in as much as 45 per cent more 
solids to be handled than if elutriation 
and simple ferric chloride conditioning 
are used. The effect of added B.O.D. 
from the sludge elutriate on primary 
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and secondary treatment is shown to 
be negligible. 

The problem of decreased digester 
capacity as a result of ‘‘dirty super- 
natant,’’ e.g., liquor containing a con- 
siderable amount of sludge, is de- 
scribed. Elutriation may assist in re- 
lieving the problem by producing more 
compactible solids from the super- 
natant. These may be returned, dried 
on sand filters, or filtered. 

Evans and Roberts (94) review the 
former experiences with heat treatment 
and pressing of sewage sludge (Porteus 
process) in Horsham and Halifax, Eng- 
land, and add to it the information 
available from the newer installation 
of this kind at Luton. At Halifax acti- 
vated and humus sludges are treated, 
while the other plants treat both pri- 
mary and secondary sludges. The 
Luton plant treats sludge from 100,000 
population and has been in operation 
for a.year. No chemicals are used for 
conditioning. The sludge is heated to 
300 to 400° F. (370° F. recommended 
optimum) for 15 to 30 minutes. As a 
result of heating, the sludge becomes 
filtrable atid loses a considerable por- 
tion of the organic matter to decant 
and press liquor (10 to 20 per cent). 
The liquor contains 58 to 79 per cent 
of the original nitrogen in the sludge. 
The liquor is returned to the plant in- 
fluent and, as has been previously re- 
ported from Halifax, is amenable to a 
number of different separate treatment 
processes. 

Heat exchangers are incorporated in 
the system and provide nearly 80 per 
eent of the total heat required to pre- 
heat the fresh batch of sludge. The 
sludge is heated in pressure vessels by 
steam jets at the bottom. After cool- 
ing, the heated sludge is allowed to set- 
tle for 3 hours to 12 per cent solids 
and then pressed at 100 Ib. per sq. 
inch. At this stage the cake contains 
40 to 50 per cent moisture, which has 

,to be further reduced if the sludge is 
to be used as fertilizer or as a source 
of fuel in the system. Air drying is 


March, 1948 


satisfactory except in the _ winter, 
When dried under a shed in heaps, heat 
generation takes place. Incineration 
of the press cake for steam generation 
is feasible, provided adequate methods 
of drying are available. Under these 
conditions the process is said to be 
independent of outside fuel. 

When primary sludge is to be heat- 
treated, it is necessary to screen the 
sewage to prevent checking of the sys- 
tem. Heat treatment can readily be 
applied to digested sludge. 

A 150 sq.ft. vacuum filter employing 
‘“o-In. braided cords as a filtering me- 
dium has been in service this year at 
Plainfield, N. J. (175) (176). The 
cord is threaded around rollers in such 
a way that the cords are washed prior 
to being returned to the drum. The 
conventional drainage system inside 
the drum is dispensed with, since the 
lower set of cords provide a space along 
which water removed from the solids 
left on the top set of cords may travel 
to an external radial filtrate piping sys- 
tem which utilizes a combination fil- 
trate and vacuum pump unit. No air 
blow is required at the discharge end. 
The filter, which is now available for 
demonstrations as a mobile unit, ap- 
pears to possess a number of practical 
advantages. At Plainfield the filtrate 
is reported to be of good quality (20 
to 30 p.p.m. of suspended solids). 
Additional filter runs should be made 
on other sludges in order to demon- 
strate beyond question that a satisfac- 
tory filtrate ean be produced for re- 
turn to the raw sewage. 

In 1945 the Wyandotte, Mich., sew- 
age treatment plant (188) installed 
facilities for using carbide lime, a by- 
product from the manufacture of 
acetylene gas, as a sludge conditioning 
chemical prior to vacuum filtration. 
Comparative costs from January 1], 
1944, to June 30, 1945, when pebble 
lime was slaked, and from July 1, 
1945, to December 31, 1946, when car- 
bide lime slury was used, indicates a 
saving of about $5,000 annually with 
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earbide lime. Leonhard also reports 
less attention by operators to the lime 
handling equipment, no inert material 
requiring removal from the basement 
sump and considerable saving in 
cleanup labor because of lime dust 
elimination. Burley, discussing Leon- 
hard’s paper, reports that a decided 
economy has been effected through its 
use at Detroit following the Wyandotte 
experience. At both plants little or 
no change in the ferrie chloride dose 
was required. At New Britain, Conn., 
carbide lime has been used for sludge 
conditioning since 1937 when the new 
plant started operations. In addition 
to savings in chemical costs, Szymanski 
points out that the lime slurry volume 
aids in control of the sludge incinerator 
temperatures. 


Sludge Incineration 


Schroepfer (245), in discussing 
sludge incineration problems, lists the 
incinerator installations in the United 
States from 1934 to 1946. At Minne- 
apolis-St. Paul the economy of raw 
sludge incineration overhauling to dis- 
posal was forcibly brought out dur- 
ing World War II when, as it seemed 
likely that incinerator parts might not 
be procurable, bids were received from 
contrators to haul the sludge a distance 
of 1,000 to 2,000 ft. and cover it with 
earth. The lowest price was $0.60 per 
ton compared to the cost of incinera- 
tion and ash disposal of $0.42 per ton. 
As might be expected, Schroepfer finds 
the costs of incineration to vary widely 
with the tons per day capacity, type 
of sludge and other local factors. 
Owen, discussing Schroepfer’s paper, 
suggests that proper design of an in- 
cinerator requires determination of the 
carbon, hydrogen, oxygen, nitrogen 
and sulfur content of the sludge rather 
than its volatile content. The calorific 
value must also be determined. He 
suggests that preferably six months to 
a year should lapse between the start 
of vacuum filtration of sludge and the 
design and installation of an inciner- 


CRITICAL REVIEW OF LITERATURE OF 1947 


249 


ator, to familiarize the operators with 
vacuum filtration problems and obtain 
what one might term a normal sludge 
eake for the plant in question. 


Sludge as Fertilizer 


The chemical analysis, results of 
greenhouse tests, and field experiments 
with 2 raw sludges, 1 digested sludge 
and 1 activated sludge are compared 
by Bear and Prince (42), with the re- 
sults obtained with cow manure. In 
the pot experiments sudan grass was 
grown with and without commercial 
fertilizer additions. In field experi- 
ments corn was grown for a period of 
4 years. During the first 3 years ma- 
nure and sludge were applied every 
year in the fall. The moist sludges 
were applied at the rate of 20 tons per 
acre and the dried activated sludge 
was applied at the rate of 2 tons per 
acre. The yields of corn as silage were 
determined. The nitrogen and phos- 
phorus contents of the added sludges 
and manures were not equal. 

Field experiments with silage corn 
showed that the weakest point in the 
sludges was their low potash content. 
When a supplement of muriate of 
potash was added, the yields averaged 
as high as those produced with cow 
manure without extra potash. 

The moist sludges had an objection- 
able odor. Lime applied to the sludge 
during storage keeps the odor, flies and 
rodents under control. Odors were 
controlled by mixing the sludge with 
soil and applying it before plowing. 
If sludge is used year after year on 
the same land, the soil should be tested 
to determine how much supplemental 
lime should be added, as some of the 
sludges tended to make the soil acid. 

Stephenson and Bollen (258) re- 
ported that a lagooned digested sludge, 
sun-dried and shredded, had a composi- 
tion and fertilizing value somewhat 
similar to that of a good farmyard 
manure. It had a nitrogen content 1.8 
to 2.2 per cent. <A considerable por- 
tion of the nitrogen in the sludge was 
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in nitrate form. The material was 
well-adapted to use where crops are to 
be planted soon after its application 
to the soil, and on crops where vigorous 
quick growth is desired. There ap- 
peared to be little danger of spreading 
any disease by using the sludge to grow 
vegetables. Garrick (104) reported 
that the fat content of raw sewage 
sludge on drying beds decreased from 
30 per cent to 10 per cent in 1 month 
during the summer, and to less than 1 
per cent in 9 months. An outdoor com- 
post was made with straw, to which 
CaCO,, ammonium sulfate, superphos- 
phate and sludge were added. In 45 
days most of the fatty substances had 
disappeared. Similar experiments, con- 
dueted under laboratory conditions 
with greatly reduced sampling errors, 
gave similar results. Saponification 
values showed that fatty acids are 
broken down quickly but the unsaponi- 
fiable materials disappear more slowly. 
The addition of ammonium sulfate en- 
hances the decomposition of fatty sub- 
stances in the straw compost. 


Mechanical Equipment 

The first appearance (10) of several 
new items of equipment was marked at 
“the Federation’s annual convention in 
San Francisco. These included the 
“‘Thermopilot Levelling Control,’’ a 
General Electric product, which con- 
trols liquid surface elevations in tanks, 
acting automatically as a result of tem- 
perature changes in the sensitive parts 
of the control. There are no moving 
parts in the tank. 

Wallace and Tiernan’s new sewage 
chlorinator can automatically change 
the rate of chlorine delivery at any 
predetermined time to coincide with 
anticipated changes in rate of sewage 
flow. 

An aerator, introduced by the Chi- 
eago Pump Co., consists of thin, stain- 
less steel cylinders, covered with Saran 
plastic on the form of 3-stranded cord. 
The aerators are thinner, smaller, and 
weigh only about one-fifth as much as 
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the older types of cylindrical aerators, 
over which other advantages are 
claimed. 

A valuable and exhaustive summary 
of the status of mechanical equipment 
and of the latest developments in the 
field is published annually in Tuis 
JOURNAL (34). Mechanical equipment 
in the handling of chlorine is described 
by the Chlorine Institute (68). 

Brown (59) described mechanical 
sewer cleaners that simplify sewer 
maintenance, and Seabrook (250) de- 
seribes mechanical equipment for the 
making of machine-made joints in bell- 
and-spigot concrete pipes. 

One dozen ways to improve operation 
of sewage treatment plants, involving 
the use of mechanical equipment, are 
described by Simpson (253). The 
equipment described includes’ me- 
chanically cleaned racks, grit chamber 
equipment, sedimentation tank clean- 
ers, and filter dosing devices. Mechani- 
eal sludge collectors are discussed by 
Simpson (253) and in an extensive 
symposium (23) emphasizing the im- 
portance of and the wide interest in 
the applications and maintenance of 
such equipment. <A prediction of the 
future status of mechanical equipment, 
made in a staff article (25), points to 
the growing importance of mechanical 
equipment in the field of sewerage. 

An elaborate testing program on 
sewer pipe jointing compounds is de- 
scribed by House and Pomeroy (150). 
Methods of testing for adhesion, root 
penetration, and hardness are described 
and their significance discussed. The 
five major types of jointing compounds, 
Portland cement, sulfur-silica, asphalt, 
coumarone-indene, and coal tar com- 
pounds, are scored on four counts. 
These are: (1) tendeney to yield suf- 
ficiently to prevent pipe breakage; (2) 
resistance to deterioration; (3) re- 
sistance to roots; (4) ease of making 
joint. The authors believe the coal tar 
compounds to be most satisfactory. 

The mechanies and design of auto- 
matic pH control systems for industrial 
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waste disposal plants are reported on 
by Sheen (251), Consideration must 
be given the following factors: buffer 
action and slope of neutralization 
curve, retention time, reaction time, 
rate and degree of raw liquid charac- 
teristics, control point, mixing, sam- 
pling, and temperature. 


Industrial Wastes 


Much activity was noted in 1947 in 
the field of industrial pollution abate- 
ment, probably because of the constant 
possibility of legislation aimed to con- 
trol pollution by industrial wastes. 
There were at least three conferences 
devoted solely to industrial wastes. In 
March a conference of Pennsylvania 
chemists and engineers was held for 
the purpose of discussing wastes from 
various industries, as related to the 
Pennsylvania laws and acts of the 
State Department of Health; in May, 
the Third Annual Industrial Wastes 
Conference was held at Purdue Univer- 
sity; in April the most comprehensive 
symposium ever held in this country 
was organized by the American Chemi- 
cal Society, with 23 papers presented 
on phases of industrial waste produc- 
tion and abatement. In July, the 
Federation stressed industrial wastes 
in its annual meeting at San Francisco. 

The ASCE scheduled papers on in- 
dustrial waste subjects in January; 
the ASME in June; the ASCE in No- 
vember; and state meetings in Vir- 
vinia, Michigan, Minnesota and Penn- 
sylvania included papers, or even whole 
sessions, devoted to industrial waste 
(discussions. 

Thus the national and state organiza- 
tions demonstrated the greatest interest 
in industrial wastes in their histories 
and gave an impetus to the considera- 
tion of control that is bound to result 
in great progress. 

Chemical manufacturers gave new 
interest to the activities of the re- 
vitalized committee on waste disposal ; 
individual companies openly discussed 
their treatment plants and publicized 
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results of operation. The pulp and 
paper research program was expanded. 
Dairy interests started testing-station 
investigations. Oil and refinery wastes 
received new attention. Industry be- 
came more conscious of its problems 
and more tolerant of cooperation with 
publie control agencies. 

States such as Virginia, Pennsyl- 
vania, West Virginia, Tennessee, New 
York, Indiana, Illinois, Wisconsin, 
Michigan and California, expanded 
their activities aimed at industrial pol- 
lution abatement, in some eases chang- 
ing the name of the state group to in- 
clude recognition of industrial wastes. 

Cooperation of governmental and in- 
dustrial groups should result in grati- 
fying progress under amicable terms. 
This will be far better than continu- 
ation of legal skirmishes designed to 
block progress of abatement. 


Fermentation 


Boruff (53) presented a report on 
the advantages of centrifuging stillage 
before evaporation, and gave data on 
dried grains and solubles, indicating 
that the process is operated on a profit- 
able basis. Yeast waste evaporation 
is also profitable for breweries, but 
winery wastes are still somewhat of a 
problem. About 1,300,000 lb. of tar- 
trates were recovered from winery 
wastes in California in 1944. 

Spanyer (256) reported on recovery 
ef solubles from thin stillage contain- 
ing about 4 to 5 per cent solids, half 
soluble. Evaporators concentrate to 
28 to 30 per cent solids, then syrup is 
dried on _ steam-heated cylindrical 
drums such as are used in the milk in- 
dustry. Capacity is 800 lb. of product 
per hour and steam consumption is 
4.6 lb. per lb. dry solubles produced. 
Dry solids are scraped off the polished 
cylinders by knives. Steam pressure 
of 125 p.s.i. gives a temperature of 


353° F. This process is used by the 
Brown-Forman Distillers Corp. of 
Louisville. 

Klassen and Troemper (172) re- 
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ported on the recovery plant of the 
American Distilling Company at Pekin, 
Illinois. The stillage was filter pressed, 
the cake containing 67 per cent mois- 
ture and the filtrate 2.8 per cent solids. 
Zaremba quadruple-effect evaporators 
concentrated solids to 42 per cent, and 
this syrup was dried with the filter cake 
to produce a feed. Later the filter 
presses were abandoned because of ex- 
pense of operation, including washing 
and repairing filter cloths. The filters 
were replaced by screens with 0.002 in. 
openings. They are followed by rotary 
presses for the solids, evaporators for 
the liquid, and steam dryers to pro- 
duce the dry feed. Condensate from 
the dryers (barometric condensers) 
goes to the sewers. Equipment is suf- 
ficient for a grind of 16,000 bu. per 
day. Five Davenport screens and 5 
Davenport rotary presses supplant the 
20 original 60-plate filter presses. 

A feed recovery plant for distillery 
waste is described by Zack (295). The 
slop is passed through a _ vibrating 
sereen, the material retained being com- 
pressed in presses. .The liquor after 
concentration in evaporators is mixed 
with pressed cake and dry grain, and 
dried in excess. The product is blown 
into a cyclone unit. The condensate 
from the evaporators will be treated 
on high-rate recireulatory rock filters. 


Dairy 


Trebler and Harding (272) dis 
eussed types of dairy wastes and the 
operation of evaporators. Losses are 
mostly in wash waters, accidental spills, 
drips, whey, buttermilk and excess 
skim milk. Entrainment separators are 
profitable and necessary for vacuum- 
pan evaporators. Treatment plants 
vary in results, largely because of 
wide variations in load applied. More 
study is needed to solve problems of 
operation. 

In another paper (273) Trebler and 
Harding give data on losses, discuss 
results from a trickling filter plant at 
Wellington, Ohio, describe an auto- 
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matic sampler, and review various 
processes that have been used for dairy 
wastes. The cost of the Mallory ‘‘Oxi- 
dized Sludge’’ process seems high. 
Digesters for whey must receive whey 
continuously or they give rise to trou- 
bles. The trend is toward high-rate, 
recirculating filters and away from Im- 
hoff or digestion tanks. 

A trickling filter plant for sewage 
from 1,500 people plus milk wastes 
from a plant handling 92,000 Ib. of 
milk per day has been installed in 
Wisconsin by Davy and Noth (77). 
The plant includes a storage tank for 
the milk wastes, settling tanks for sew- 
age, and a high-rate filter for the com- 
bined sewage and wastes. The loss of 
milk solids should not exceed 2 per 
eent, and B.O.D. runs about 1 Ib. per 
10 lb. of milk lost. Thus the milk losses 
should give a population equivalent of 
about 1,100 and the sewage load is 
from 1,500 people. Various types of 
recirculation of effluent are available. 

The Task Committee on Waste Dis- 
posal of the Dairy Industry in 1947 
finally received an appropriation for 
investigations of waste disposal, and set 
up a testing station at Ovid, Mich., 
under the direction of E. F. Eldridge. 
Studies are not yet in progress. 


Cannery and Beet Sugar 

Disposal of wastes from canneries 
has been studied by the National Can- 
ners Association (282). The operating 
season is usually rather brief, and long 
periods between operations allow de- 
composition of the wastes if stored in 
lagoons. Such systems are odorous, 
which has led to the practice of adding 
sodium nitrate. Many problems are 
handled by lagoons of several months 
capacity, with sufficient sodium nitrate 
dosage io satisfy one-fifth of the B.O.D. 
The nitrate must be added daily while 
the pack is in progress. Lagoons must 
be shallow, 3 to 5 ft. deep, and should 
hold 1.25 times the waste volume for 
the season. Eldridge (90) presented a 
discussion of the cannery waste prob- 
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lem. About 3,000 canneries in the coun- 
try operate on a seasonal basis, packing 
either full line or specialized products. 
Volume and characteristics depend 
upon the type of product packed and 
vary over a wide range. Effective 
screening should be a common prac- 
tice. This may be followed by chemi- 
cal precipitation, sedimentation, bio- 
logical filtration, or lagooning. 

Where storage is impossible, screens 
and high-rate filters have been used, 
sometimes preceded by primary treat- 
ment aided by addition of flocculation 
chemicals. 

Citrus fruits produce large volumes 
of solid and liquid wastes (197), of 
which solids are recovered by drying 
for cattle feed and liquid wastes dis- 
charged back into the ground or di- 
luted in available lakes. Cost of trick- 
ling filters is prohibitive. Fermenta- 
tion with addition of yeast has been 
tried in Texas. 

At Springdale, Arkansas (75), fruit 
canning wastes equivalent to a popula- 
tion equivalent of 11,000 persons are 
treated with sewage from 3,500 persons. 
The plant consists of tanks, filters, and 
ample flexibility of recirculation. The 
plant cost $140,000, to which the 5 
industries contributed $55,000. Filters 
are designed to operate at a loading of 
1.35 lb. influent B.O.D. per cu.yd. per 
day. No operating results are reported. 

A tomato canning waste treatment 
plant (201) ineluded screening and 
lagoons, with effluent pumped over a 
hill and allowed to percolate down over 
fields of light and porous soil. The soil 
is treated with about 2 tons of lime- 
stone per acre prior to discharge of 
40,000 gal. of waste per acre per week. 
Lagoons are some distance from dwell- 
ings, so odors will not be objectionable 
if sodium nitrate is used. Any excess 
nitrate will be of some benefit in the 
liquor pumped from the lagoons to 
farm land. 

Oeming (208) reports on operation 
of beet sugar waste disposal plants in 
which some of the Steffens waste is 
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used for coagulation of flume wastes, 
giving 60 per cent removal of B.O.D. 
and 95 per cent removal of suspended 
solids. Effluent averages about 5 lb. 
B.O.D. per ton of beets. MeDill (195) 
reports that primary treatment of beet 
sugar waste is usually not sufficient, 
while the short campaign makes the 
use of filters very expensive. Pond- 
ing, with addition of sodium nitrate, 
is in most favor. Coagulation with 
some of the Steffens waste is only par- 
tially effective. Microbiological changes 
in beet sugar pulp and press waters 
during the production process are dis- 
eussed by Allen, Cooper, Cairns and 
Maxwell (8). Due to favorable tem- 
peratures (45° to 55° C.) in the pres- 
ence of ample nutrients, development 
of thermophilic bacteria takes place in 
the recirculated liquid giving rise to 
acid production and consequent corro- 
sion. To check the development of 
these organisms chlorine was found to 
be effective. 

According to Brandon (54), the sedi- 
mentation and reuse of transport 
water from beet sugar washing offer 
no difficulty. The polluting character 
of process water can be reduced by as 
much as 50 per cent by chemical treat- 
ment, and 80 per cent by biological 
methods. The recirculation of the 
process water after the addition of chlo- 
rine or sulfur dioxide is recommended 
for bacterial control. 

Dickinson (79) reported on_ the 
properties and treatment of waste 
waters produced from potato canning. 
Approximately 30 per cent of the 
weight of raw potato enters the waste 
water. Screening will remove a consid- 
erable portion of this waste (5 to 40 
per cent). Settling for 1 hour re- 
moves 60 per cent of the solids from 
the screened waste giving a sludge vol- 
ume of 8 per cent. The addition of 
lime to the potato waste prevented the 
sludge from rising. The sludge drains 
slowly and disposal is difficult. 

The settled waste has a B.O.D. of 
2,300 p.p.m. The biochemical oxida- 
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tion rate of the waste departs from the 
normal logarithmic value. 

Dickinson (80) further reported on 
results of pilot plant treatment of 
vegetable cannery wastes. The treat- 
ment consists of sedimentation and 
biological filtration with recirculation. 
The results obtained under various 
conditions with waste waters from ear- 
rots, beets, dried beans, potatoes, rhu- 
barb, and spinach are given. The ap- 
plication rate was 10 to 14 gal. per 
cu. yd. per day. 


Packinghouse and Wool Pulling 


The losses per ton of kill were re- 
ported by Mohlman (202) based on 
some 14 surveys. Overall national 
loads were estimated; also examples 
were given of excessive losses. Several 
stages of trickling filters, including 
washable roughing filters, seem to be 
most effective on packinghouse wastes. 
Chemical treatment is used at Austin, 
Minn.; also activated sludge, if the 
waste is diluted by sufficient sewage. 

Construction and operation of small 
filters for treatment of slaughterhouse 
wastes is described by the West Vir- 
ginia Water Commission (36). Recov- 
ery of grease, blood, and fleshings in- 
side the plant can be greatly improved. 

Wool-scouring wastes are recovered 
at Bradford, England (45), according 
to Beedham, at considerable profit. 
The character of wastes (plus sewage) 
is changing, however, owing to larger 
use of nonsoap detergents, which are 
not amenable to acid precipitation. 
The recoveries of wool grease have not 
been reduced appreciably, however, 
and the sales largely offset the total 
cost of the works. Some 53 acres of 
trickling filters, with coal as the filter- 
ing media, are becoming overloaded, 
so a high-rate filter was investigated 
as a pretreatment device. Results were 
encouraging and such filters may be 
installed in the full-size plant to extend 
the life of the filters. 

Use of hypochlorite for treatment of 
wool-scouring wastes is discussed by 
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Faber (96), who suggests the use of 
chlorine, possibly from caleium hypo- 
chlorite. It is claimed that 98 per cent 
of the grease can be recovered and a 
clear effluent discharged. About 70 to 
75 per cent of the grease can be re- 
moved from the filtered sludge and 
sold. Enormous amounts of calcium 
hypochlorite are required, the amount 
of chlorine required being approxi- 
mately equal to the amount of alkali 
used in the scouring operation. Al- 
though the process was installed at the 
Abbott Worsted Company mill at 
Forge Village, Mass., operating results 
are not given. Further data are 
desirable 

A bulletin by Eldridge (91) covers 
characteristics of wastes from slaughter 
and packing houses, salvage, grease 
collection, and treatment by various 
means, 

Two French articles (56) (88) de- 
scribe systems of complete treatment 
involving settling, chemical coagula- 
tion, trickling filters, and digestion. 

Planchon (215) discusses slaughter- 
house waste characteristics and treat- 
ment in France. The waste from 1 
steer or 2 hogs is equivalent to sewage 
from 70 to 100 persons. Minimum 
treatment is settling and chemical 
treatment. Complete treatment in- 
cluded trickling filters or activated 
sludge. 


Pulp and Paper 


Gehm (105) reviews the problems of 
the pulp and paper industries. Chang- 
ing of the base from calcium to magne- 
sium would eliminate most of the 
wastes from the sulfite process, but 
this is too expensive for mills. Tests 
are being made on fodder yeast from 
sulfite wastes, but this also appears ex- 
pensive and not a complete reduction 
of pollution. Storage of wastes from 
kraft and soda processes greatly re- 
duces B.O.D. Most hopeful prospects 
visualize reuse inside the mill of prod- 
ucts recovered from former wastes. 

Use of the B.O.D. test for pulp wastes 
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is criticized by Gehm and discussed by 
Weston (106), but they conclude that 
it is the most valuable test with refer- 
ence to disposal and urge that the tech- 
nique of the determination be improved. 

The industrial aleohol plant (from 
sulfite waste liquor) of the Ontario 
Paper Company at Thorold, Ontario, 
was described by Joseph (161). The 
plant produces 225,000 gal. of sulfite 
waste liquor per day, containing about 
34,000 lb. fermentable sugars. Sulfur 
dioxide is first removed by steam in a 
stripping column, then cooled to 90° F., 
neutralized with lime to pH 5.5 to 6.0, 
yeast added and allowed to ferment for 
12 to 14 hours. The weak 5 per cent 
alcohol ‘‘beer’’ is rectified in a column 
still to 96 per cent strength. About 
1,800 Imp. gal. aleohol are produced 
per day. B.O.D. reduction, however, 
is only around 40 to 50 per cent. 

Fodder yeast from sulfite waste 
liquor was discussed by Tyler (274). 
The reduction of B.O.D. was estimated 
around 50 to 60 per cent, but economic 
limitations. restrict any contemplated 
use of this process. 

Reduction of pollution of the Clarion 
River, in Pennsylvania, is described 
by Siebert (252). The New York 
and Pennsylvania Company discharge 
wastes at Johnsonburg from manufac- 
ture of sulfite and soda pulp, de-inking, 
and white water from paper machines. 
The sulfite waste liquor is evaporated 
to a thick syrup, known as ‘‘Clarion 
Extract,’’ and used for adhesives, road- 
binder, and various other purposes. 
The soda wastes are negligible; de- 
inking wastes are pumped to a pond 
375 ft. above the mill, held for many 
weeks, and then allowed to cascade 
down a ravine to the Clarion River. 
The B.O.D. appears to be reduced 
about 50 per cent. Paper wastes are 
screened and reused. A coagulation 
and settling basin is to be installed. 
Finally, all effluents, plus wash water, 
are to be settled in a basin 140 ft. long 
by 35 ft. wide by 12 ft deep before 
discharge to the river. These com- 
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bined efforts to lessen the plant pollu- 
tion have been taken in cooperation 
with the Pennsylvania Sanitary Water 
Board. 

Sulfate, kraft, paper mill and wash 
waters are lagooned at the plant of the 
Camp Mer. Co. at Franklin, Virginia 
(74), resulting in about 22 per cent 
reduction of B.O.D. in 1945. Later, 
wastes from the evaporation process 
were passed through the lagoon. The 
overall reduction of B.O.D. was 60 per 
cent (for the volume ponded). At 
present the ponded fraction is only 12.5 
per cent of total fiow, but contains 60 
per cent of the B.O.D. The small flow 
can be held through the period of low 
river flow and released later, thus im- 
proving river conditions during the 
critical period. 

Strawboard wastes have been studied 
by Bloodgood (50). Chemical analyses 
indicate a deficiency of nitrogen. The 
Gooch erucible filter gave much higher 
suspended solids than by use of filter 
paper. B.O.D. was reduced 80 per 
cent in samples incubated at 37° C. for 
14 days. The rate of reduction in mix- 
tures with sewage was more rapid than 
in either sewage or waste alone. 

De-inking wastes were discussed at 
leneth by Hodge (144), ineluding re- 
sults of many laboratory studies of 
clarification by chemicals made by Miss 
H. G. Swope. No results were given 
for plants actually in operation. 

Warrick (281) published excellent 
data for losses from various Wisconsin 
pulp and paper mills. 

The production of fodder yeast from 
sulfite waste liquor in a special pilot 
fermentor is described by Harris, et al. 
(125). The rate of yeast growth with 
various sulfite liquors is compared with 
the rate of growth in sugar solutions 
produced by the hydrolysis of wood. 
The novel aerobic fermentor has good 
foam control properties and its opera- 
tion is more fully discussed by Saeman 
(237). The device originally devel- 
oped in Germany is characterized by 
an arrangement for mechanically dis- 
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persing air and forcing circulation 
through a central tube. Cost figures 
are not given, but Rosten (227) dis- 
cusses the economics of dry food-yeast 
production in the U. 8S. He states that 
it will cost about 4 cents per Ib. with 
a yield of 40 to 50 per cent of reducing 
sugars and suggests a flow sheet sim- 
plifying German practices. 

Variations and similarities of paper- 
board mill white water are given by 
Rudolfs and Axe (236) in a survey of 
8 paperboard and 3 specialty mill 
wastes. Quality of raw material and 
mill operating procedures have pro- 
nounced effects on the character of 
the wastes. Data are presented show- 
ing the volume and concentrations of 
the wastes, their effect on B.O.D., and 
the efficiency of recovery equipment. 


Pharmaceutical 


Many problems are presented in dis- 
posal of wastes from new processes of 
manufacture of antibiotics. Knoedler 
and Babeoeck (173), of the Lederle 
Laboratories, reported on wastes from 
penicillin, riboflavin, and _ biologicals. 
Their suggestions are that such wastes 
be evaporated to a dry powder. Obvi- 
ously, this is very expensive. 


Starch 

Bottling-up of starch wastes was de- 
scribed by Hatfield and Greenfield 
(117). Evaporation of steepwater and 
sale as feed was the largest factor in 
the reduction of B.O.D. 


Organic Chemicals 


The Manufacturing Chemists’ Asso- 
ciation has organized an active com- 
mittee on pollution under chairmanship 
of R. W. Hess. He has published a 
comprehensive bibliography (139) on 
chemical wastes, from 1937 to date. 
Harlow and Powers (124) described 
the extensive waste disposal plant of 
the Dow Company, which handles 
mainly phenol-containing liquors. 
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Tanning 


Sutherland (262), gave a review of 
tannery wastes. He states that in 1941 
some 28 tannery waste plants were 
using plain sedimentation, with or 
without chemicals, but no secondary 
treatment was in operation. 

Reuning (224) describes the treat- 
ment of tannery waste by mechanical 
flocculation, sedimentation, flow equali- 
zation, and sludge dewatering by cen- 
trifuge. The spent tan liquors are 
evaporated for recovery. The sus- 
pended solids are reduced from 2,500 
p.p.m. down to 250 p.p.m., and the 
B.O.D. from’ 600 p.p.m. down to 350 
p.p.m. The moisture content of the 
centrifuge sludge is 85 per cent and 
the volume is 10 per cent of the set 
tled sludge. 


Textile 


Geyer (108) discussed textile wastes 
and showed design of two small settling- 
tank plants as well as the mixed waste 
sewage activated sludge plant at 
Greensboro, N. C. 


Coke and Gas 


Disposal of byproduets eoke plant 
waste was reviewed by Gollmar (113). 
Extraction and vapor recovery proc- 
esses are in wide use, but no biological 
process is in use in the U. 8S. Admix- 
ture of less than 0.5 per cent with sew- 
age can be handled by activated sludge 
treatment. 


Pickle Liquor 


Hoak (143) reviewed the many 
processes that have been studied by 
the American Iron and Steel Institute 
at Mellon Institute. It is claimed to 
be feasible to convert pickle liquor to 
ferric chloride and sodium sulfate, but 
apparently no plant has undertaken 
this recovery. A study on use of 
dolomitic lime for neutralization of 
pickle liquor was also published by 
Hoak (142). 
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A curious article in the trade journal 
of the steel industry (117) claimed that 
sewage is responsible for 90 per cent 
of river pollution, and industrial wastes 
10 per cent; that pickle wastes can be 
neutralized, or that acid plus iron 
oxide ean be recovered; and that by 
these expedients the steel industry had 
taken itself pretty well out of the 
stream pollution picture. The writer 
went on to say that rivers again will 
be clean when municipalities decide to 
catch up with progressive industry in 
pollution abatement. 


Mine Drainage 

Mine drainage is being actively at- 
tacked in Pennsylvania. Hoffert (145) 
described the technique of mine sealing. 


Plating and Cyanides 

Barnes (40) describes the recovery 
plant at Meadville, Pa., built for the 
Talon Company. Haseltine (134) com- 
pared methods of destroying cyanides 
and gave a method of determination. 

A study is being undertaken by 
Dodge (84) to determine the possi- 
bility of using ion exchange materials 
as a means of concentrating dilute 
wastes from trickling of brass. 

A review of wastes from brass and 
copper industries is given by Wise, 
Dodge, and Bliss (293) on the basis of 
experiences in Connecticut. In one 
plant 90 per cent of the pollution load 
was derived from the dilute wastes or 
rinse waters. Treatment methods de- 
veloped in the past by the Chemical 
Engineering Department of Yale Uni- 
versity are outlined. 

Kenosha experiences with the effect 
of copper-bearing wastes on the diges- 
tion of sludge are described by Rudgal 
(230). Copper content of 0.25 to 0.38 
per cent on dry solids basis did not 
materially affect gas production. 

Dobson (82) stated that cyanide can 
be eliminated by the addition of 4 
p.p.m. of chlorine per part of cyanide 
(CN) at controlled pH values above 
8.5. 


CRITICAL REVIEW OF LITERATURE OF 1947 257 


Refinery 

There was considerable interest in 
refinery wastes in 1947, largely stimu- 
lated by Hart’s series of articles, later 
published in book form (126), and 
various discussions by Weston (285). 
Millions of dollars were spent on oil- 
skimming basins (A.P.I.), largely by 
the refineries in the Calumet District 
in Indiana. This progessive spirit was 
stimulated by the suit brought by IIli- 
nois against Indiana for abatement of 
pollution of Lake Michigan. The re- 
sponse of the oil industries was prob- 
ably the outstanding development of 
the year in industrial waste abatement. 


Rubber 

The review of the status of wastes 
arising from rubber industries was pre- 
sented by Hebbard, Powell, and Rosten- 
bach (136) in the Industrial Waste 
Symposium of the American Chemical 
Society. Methods of recovery of par- 
tially or wholly processed materials 
from waste waters as well as treatment 
facilities now installed are described. 
Ruchhoft, Placak, and De Martini 
(229) reviewed the work done in Cin- 
cinnati in conjunction with the prob- 
lems arising from the manufacture of 
large quantities of synthetic rubber 
during the war. The objectionable 
characteristics of these wastes are due 
to their B.O.D. and taste and odor 
producing constituents. The wastes 
were amenable to biological treatment 
by the activated sludge and trickling 
filter processes. 


Flax Retting 


Ordinarily, flax retting is done by 
batch process with the leach ret liquor 
and wash waters containing high con- 
centrations of pollutional materials 
being discarded. The combined wastes 
have a B.O.D. of 1,140 p.p.m. according 
to Brandon and Taylor (55), who 
worked in England during the war to 
reduce the pollution from this source. 
Treatment of these wastes by trickling 











filters and coagulants was not consid- 
ered suitable. The objective selected 
was the reuse of the waste liquor in 
the process. Finally a process was 
developed whereby the retting was 
done under aerobic conditions with dif- 
fused air. By this method 40 suecces- 
sive batches of flax were retted without 
discharge of retted liquor. Under 
aerobic conditions the concentration of 
acid intermediate products was reduced 
and the B.O.D. of the ret liquor conse- 
quently did not increase beyond 2,000 
to 7,000 p.p.m. with successive uses. 
The liquor used repeatedly would have 
to be disposed of at the end of the 
season. 

The fundamental investigations in 
the biochemistry and microbiology of 
retting process, which led up to the 
development of the new retting process 
described above, are presented by 
Allen (4) (5) and by Allen and Eden 
(6) (7). The general bacterial flora 
was found to be similar in the different 
processes of flax retting, consisting of 
coliforms, streptococci, and _ spore- 
forming anaerobes. The continuous 
aeration of the retting liquor during 
the course of a ret encouraged the 
growth of aerobic and facultative bac- 
teria without affecting the numbers of 
anaerobes. 

Acids were produced in the anaero- 
bie retting process, but the liquor be- 
came alkaline when the retting liquor 
was aerated. The polluting strength of 
the liquor was reduced as a result of 
aeration. 


Miscellaneous 


Neutralization of acid industrial 
wastes is discussed in detail by Jacobs 
(158). He found acid strength to be 
of little consequence with hydrochloric 
and nitric acids, but with sulfuric acid 
the strength should not exceed 0.5 per 
cent. High-calcium limestone beds are 
recommended for all three acids, pro- 
vided strength limitations are observed 
and the waste is free of suspended 
matter. A bed of stone 5 ft. in depth 
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ean be used for 0.5 per cent sulfuric 
acid at rates of 0.5 to 1.0 gal. per min. 
per sq. ft. of bed area. pH control is 
not suitable for use with limestone. 
For accurate automatic pH control, 
high-caleium hydrated lime with a re- 
tention time of 2 min. or dolomitie hy- 
drate with a retention of 5 to 10 min. 
is recommended. 

Studies on the treatment of shell- 
filling wastes are reported by Wilkin- 
son (289). Wastes are derived from 
laundering of contaminated clothing; 
washing of tools, floors, ete. ; and wash- 
ing out rejected shells. The total vol- 
ume of wastes and sewage averaged 11 
to 20 gal. per employee per day. Aver- 
age streneth of the waste varied from 
155 to 278 p.p.m. B.O.D.. Wastes were 
successfully treated on trickling filters 
dosed at 77 to 112 gal. per eu. yd. per 
day. Trinitrotoluene in concentrations 
to 60 p.p.m. had little or no effect on 
sludge digestion. 

The treatment of wastes containing 
eutting oils and floor washings from 
aircraft factories was described by 
Hogg, Pettet, and Collett (146). The 
treatment consisted of breaking the 
emulsions by chemicals, such as alum, 
alumino ferric, ferric chloride, and 
lime. The most satisfactory treatment 
was, obtained with a neutral emulsion. 

Processes which produce wastes from 
the washing of coal and steps being 
taken to eliminate stream pollution 
from this source are deseribed by 
Parton (211). Methods and _ steps 
taken to alleviate the problem include: 
(a) settling and impounding facilities 
for the removal of fine coal from the 
wash water; (b) pramotion of new uses 
for the fine coal so recovered and de- 
velopment of a froth-flotation method 
for beneficiating the waste solids; (c) 
dredging operations to remove coal al- 
ready settled in river bottoms. 

A new solvent for the recovery of 
phenols from industrial wastes is de- 
scribed (207). Consisting of an in- 
soluble mixture of higher aliphatic 
alcohols and, up to 85 per cent, buty! 
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acetate, the material is called Phenol- 
solvan. Ninety-nine per cent recovery 
of certain phenols is claimed. The 
Phenolsolvan is almost completely re- 
covered by distillation. A method of 
recovering extracting agents used in 
recovering phenolic compounds is de- 
scribed in a patient (81). 
Biological treatment of a 
soluble organic waste from chewing 
eum manufacture has been described 
(189). Wastes having an average 
B.O.D. of 3,800 p.p.m. were treated by 
a combination of digestion and sand 
filters. Ten-day digestion was used; 
filter loadings up to 160 lb. of B.O.D. 
per acre per day were used. Massive 
doses of chlorine were required to re- 
duce color to a satisfactory value. 


largely 


Stream Pollution 
Abatement and Control 
An abundance of discussion of 
stream pollution abatement and control 
problems appeared during the year. 
The abatement literature may be sub- 


divided into the discussion of local 
problems, discussion of the general 


problem, state- and compact-level pro- 
erams, and possible federal legislation 
in this field. 

Snyder (255) discussed the effect of 
strip mining upon stream pollution 
and showed that although delayed for 
some months the pollution as deter- 
mined by sulfate and free acidity is 
proportional to the area stripped. 
From a legal study of strip-mining pol- 
lution eases, Beck (43) concluded that 
additional measures against such pol- 
lution are needed. Murdock (205) re- 
ported on the methods of study used in 
strip-mining pollution cases and reeom- 
mended that there was a need for 
ereater control over watersheds serving 
as a source of water supply. Hoffert 
(120) stressed the magnitude of stream 
pollution problems resulting from acid 
mine drainage, stated that mine sealing 
was the only control technique, and 
reviewed research projects resulting 
from this problem. 
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Hart (127) (128) (129) (130) (131) 
(132) presented a series of papers dis- 
cussing measures that should be ap- 
plied by oil refineries in waste disposal 
anti-pollution programs. The preven- 
tion of pollution caused by discharge 
of cutting oils from manufacturing 
plants was discussed by Hogg, Pettet 
and Collett (146). In Maine, the Su- 
preme Court (9) decreed that the pol- 
luters be permitted to discharge certain 
quantities of waste sulfite liquor based 
upon the maintenance of a predeter- 
mined quality of water in the stream. 
According to this ruling the companies 
involved must maintain weekly sam- 
pling and analysis of the Androscoggin 
River at stated points to permit the 
determination of the controlled dis- 
charge with reference to the produc- 
tion of obnoxious odors; and maxi- 
mum limits are placed on the quantity 
of waste discharged per week during 
specified periods of the year. 

Laboon (180) stated that 102 of 127 
communities in Allegheny County, Pa., 
have been ordered to stop discharging 
untreated sewage into the streams. 
Seventy-seven of these communities 
and 21 out of 90 industries are partici- 
pating in the Allegheny County Sani- 
tary Authority program. The Author- 
ity has completed the first phase of its 
study with measurements on 33 main 
sewer outlets and is now checking in- 
dustrial wastes from 2,000 plants. 
Philadelphia (21) reduces the B.O.D. 
of its 300 m.g.d. of sewage only 6 per 
cent before discharge into the Schuyl- 
kill and Delaware Rivers. A minimum 
of 75 per cent B.O.D. reduction is 
needed at Philadelphia and an abate- 
ment program which includes the con- 
struction of two new plants and the 
expansion and improvement of the 
present Northeast treatment plant is 
planned. 

Pickett (212) and Doll (85) both 
discussed the problem of the protection 
of ground water supplies from sewage 
and industrial waste discharges in Los 
Angeles county. It was pointed out 
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that the industrial wastes discharged 
into a subsurface river or water basin 
travel in a more or less narrow band 
and do not diffuse through the body 
of water as in surface supplies; conse- 
quently, less effective dilution is ob- 
tained. Both authors cited an incident 
where 11 wells serving 25,000 people 
were put out of commission by the dis- 
charge of a small amount of industrial 
waste 15 miles away. Although the in- 
dustrial plant was closed after a few 
days of operation, treatment of the 
water from these wells to make it pota- 
ble is still required 2 years after the 
incident. The authors suggested leeis- 
lation to be enforced by local political 
subdivisions. 

Cohn (70), discussing stream pollu- 
tion abatement, suggested that progress 
on the problem can be obtained by 
educating the people to an understand- 
ing of the hazards of pollution, by a 
program whose objective would be the 
preservation of the quality of water 
consistent with use of the stream, and 
by the cooperation of industry and 
local government. 

LaDue (182), speaking from the 
standpoint of the water works profes- 
sion, suggested that the problem will 
be solved by the development of an 
understanding by all groups of the 
need for abatement, which will culmi- 
nate in the acceptance of local responsi- 
bility. On the other hand, Hedgepeth 
(137) presented a discussion of abate- 
ment from the standpoint of the prac- 
tical industrialist and suggested that 
the problem can be solved if sold to 
management on a ‘‘must’’ basis and if 
the industrialists are permitted a rea- 
sonable use of the assimilative capaci- 
ties of the stream. 

In California (35), the House ere- 
ated a fact finding committee for study 
of the problems of water pollution in 
surface and subsurface streams and 
coastal waters. In the Delaware basin, 
Allen (3) diseussed the function of 
the Commission and Beckett (44) re- 
viewed the status of abatement proj- 
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ects, citing progress on treatment facili- 
ties in 47 municipalities, including 
Philadelphia and Camden. In Florida 
the abatement situation is not very en- 
couraging according to Lee and Patter- 
son (186). Only 12 per cent of the 
state’s urban population is connected 
to modern sewage treatment facilities, 
and, as a direct result of pollution, 232 
sq. miles of commercial shellfish beds 
had to be condemned. Progress on 
abatement of industrial pollution on 
the Illinois River due to discharge of 
wastes from distillation residues was 
reported by Klassen (171). Activities 
of the Indiana Stream Control Com- 
mission, aecording to Holtje (149), re- 
sulted in plans for 82 new sewage treat- 
ment plants. With these additions, all 
cities over 30,000 and 95 per cent of 
the urban population in the state will 
have sewage treatment facilities. In 
contrast to the above, Covert (72) (73) 
reported that little progress was being 
made in abatement in Mississippi, and 
that the industries responsible for pol- 
lution included paper and pulpwood, 
fertilizer plants, cotton mills (con- 
tributing dyes), starch plants, cream- 
eries, and oil fields. 


In New York state a joint legislative 


committee has completed an extensive 
study and reported (20) that pollution 
damage costs the state $14,000,000 an- 
nually. Eighty per cent of urban 
water supplies are obtained from sur- 
face sources that are subject to sewage 
and waste pollution. Some are very 
seriously affected. The pollution has 
also seriously affected commercial fish- 
ing and recreational facilities, and the 
committee pointed out that New York 
is faced with the most serious sewage 
and waste problem. The city of Peeks- 
kill has been given an order by the 
Interstate Sanitation Commission to 
prepare plans for the correction of its 
pollution to the Hudson River (18). 
The Pennsylvania State Sanitary 
Water Board (28) has issued 4,126 
pollution abatement orders and on the 
basis of this activity has surpassed all 
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other states in its antipollution pro- 
oram. An improvement in the Clarion 
River in Pennsylvania was reported by 
Siebert (252) as a result of the reduc- 
tion in pollution of wastes by the New 
York and Pennsylvania Paper Com- 
pany. In Tennessee, Farrell (99) re- 
ported that of 15,000 miles of streams, 
710 miles are seriously polluted, and, 
in addition, 850 miles are wmsuited for 
many A Tennessee Stream Pol- 
lution Control Board was appointed in 
1945 and its control program has been 
integrated with the T.V.A. Stromquist 
(261) described the cooperation given 
by the T. V. A., to local authorities and 
certain paper mills in the prevention 
of stream pollution. In Puerto Rico, 
sewage and distillery waste presents a 
serious stream pollution problem, ac- 
cording to Figueroa (100). 

Berry (48) reported that, although 
surface waters are plentiful in Ontario 
and other parts of Canada, industrial 
activity has inereased and sewage 
treatment has not kept pace, and since 
consumers demand high standards of 
quality, consideration of pollution pre- 
vention is imperative. Clay (69) re- 
ported on pollution problems of the 
Tame River basin which drains the 
highly industrialized areas of Birming- 
ham and which is regarded as one of 
the most seriously polluted rivers in 
ingland. The high dissolved oxygen 
content of this river at the Birmingham 
boundary does not indicate recovery, 
for the river is biologically sterile be- 
cause of industrial wastes and is in- 
capable of sustaining fish, being re- 
ferred to as ‘‘The Lifeless Tame.’’ 

The report of the Water Pollution 
Research Board, Department of Scien- 


uses. 


tifie and Industrial Research (Eng- 
land) (288), stresses the importance 


of consultation of the laboratory by 
industrial firms before a new factory 
is built or a new process is undertaken. 
The work of the laboratory is con- 
cerned with matters affecting the pur- 
ity of surface and underground waters 
and includes research on the treatment 
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of sewage and industrial wastes, and 
on the effects of polluting substances 
when discharged into streams or lakes. 
In England (30), 1,600 local authori- 
ties are responsible for enforcement of 
antipollution laws. Since this mosaic 
is not working satisfactorily, a_ bill 
adopting the recommendations of the 
Milne Committee which would set up 
29 River Boards is to be introduced in 
the next session of Parliament. 


Federal Pollution Abatement 

Legislation 

Mundt (204) cited the need for fed- 
eral legislation which would provide 
for proper enforcement, prohibit new 
sources of pollution, and_ establish 
standards, the need being the result of 
the failure of voluntary control and 
the inadequacy of state laws on ac- 
count of the interstate nature of pollu- 


tion. The legal responsibilities of the 
states and the federal government 
were reviewed by Wolman (294), 


with a summary of the administrative 
machinery and regulatory powers of 
each. Wolman cited examples of cur- 
rent state procedures, defects in state 
practices, and possible legal, fiscal, and 
administrative solutions. He suggested 
further development and trial of inter- 
state compacts and sanitary authorities. 
The abatement of industrial waste pol- 
lution was discussed by Powell (216) 
who cited cost of treatment facilities, 
lack of fundamental data, and confu- 
sion as to standards, legal measures, 
and measures of control as causes of 
failure in the industrial waste treat- 
ment field. He emphasized the need 
for basie research and stressed the de- 
sirability of intelligent planning and 
cooperation between industry and con- 
trol agencies. Parran (210) recognized 
the interests and responsibilities of all 
and explained the interest of the U. 8S. 
Public Health Service in federal legis- 
lation dealing with pollution control 
that provided for: (1) a federal agency 
to act as coordinator and advisor; (2) 
authorization of funds to carry on the 








work; (3) an advisory board to the 
agency; (4) permission for states to 
form compacts; (5) promotion, investi- 
gation, and research; (6) grants-in-aid 
or loans to civil subdivisions and per- 
sons for treatment projects; (7) con- 
tinuing interest by the federal author- 
ity in efficient operation of completed 
projects. 

Seott (249) reported that 42 states 
had pollution control agencies with 4 
principal patterns in agency control 
responsibilities, and 6 states had no 
control agencies. In the largest group, 
17 states, the control responsibilities 
were shared by the State Board of 
Health and another agency. He also 
reviewed interstate compact legislation 
and federal legislation, which contained 
provisions similar to those enumerated 
by Parran. Scott concluded that the 
problem has grown beyond state bor- 
ders and that the principal service 
the federal government could render 
would be to promote, coordinate and 
carry out research in the field of sew- 
age and industrial waste treatment. 

LeBosquet (185) reviewed the bills 
introduced into the 80th Congress and 
abstracted $418 as amended. 8418, 
as amended, eliminated the 3314 per 
cent grants-in-aid provision and con- 
tained the ‘‘Residual Federal Control 
Clause’’ which was designed to gain 
support from all groups favoring any 
federal legislation. This provision in 
$418, as amended, requires state per- 
mission before federal action can be 
effective. The New Jersey Health De- 
partment (33) approved the provision 
for the investigation of stream pollu- 
tion by the U. S. Public Health Service 
in cooperation with state, interstate, 
and local authorities, but opposed pro- 
vision for federal court action and 
urged disapproval of S418, or its 
amendment, so that intrastate and in- 
terstate streams on which two or more 
states are prosecuting abatement pro- 
grams would be excluded from its pro- 
visions. The Board of Directors of the 
American Water Works Association 
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presented (32) a 6-point policy state- 
ment favoring limited federal legisla- 
tion which uses to greatest extent ex- 
isting facilities, designates U.S.P.H.S. 
as administrative agency, provides for 
classification of waters by cooperation 
of state and U.S.P.H.S., and provides 
for an Advisory Board. The board 
does not favor grants-in-aid and op- 
poses federal court action. A new fed- 
eral pollution control bill (26) pro- 
vides that the Federal Works Agency 
handle the construction phases of pol- 
lution control projects.. From the re- 
view of the pollution abatement litera- 
ture it must be concluded that the 
problem is extremely complicated and 
that its solution will require the co- 
operative effort of many groups on the 
legal, fiscal, administrative, engineer- 
ing, and scientific research phases of 
this problem. 


Biology 


Dobson (83) found that the CN radi- 
cal in concentrations as low as_ .025 
p.-p.m. is toxie to fish. A stream may 
not show pollution from a chemical 
standpoint but, as Butcher (62) points 
out, toxie ions such as copper may be 
present which affect the biological life. 
He also lists four zones of pollution: 
(a) foul pollution where only sewage 
fungi and few tubicids can exist; (b) 
zone where a small amount of algae 
erows and tubicids and sewage fungi 
are abundant; (c¢) mild pollution 
where varied organisms such as water- 
log louse and algae can exist; (d) the 
repurified zone containing an abundant 
and varied fauna and flora. Covert 
(72) (73) also stresses the fact that, 
as the pollutional load on a stream de- 
ereases, biological life increases. Hart 
(132) (133) discusses the effect on fish 
life of oil-in-water, water-in-oil, acids, 
and alkalies, and states that hydrogen 
sulfide, mereaptan, phenolies, and pyri- 
dine are especially toxic to fish life. 

Hall (121) states that dense algal 
erowths may be detrimental to fish life. 
He also maintains that a wide variation 








Vol. 


in t 
mor 
N 
gro 
wer 
the 
logi 
nitr 
forr 
by 
side 
Bac 
C 
con 
blu 
for 
low 
aer 
col 
anc 
Pa 
me 
blu 
hig’ 
] 
flo1 
Be 
cre 
mi. 
pel 


Sel 


| 
fier 
ani 
cal 
ext 
Va 
pu 
de 
th 
est 
th 


cu 
be 
ay 
in 
ik 
th 
de 








Vol. 20, No. 2 


in the CO, content may cause a high 
mortality in certain species of fish. 

Nuisances from _ excessive algal 
growths in Madison Lakes in Wisconsin 
were attributed by Sawyer (238) to 
the fertilization by highly treated bio- 
logical effluents which still contain 
nitrogen and phosphorus in soluble 
forms. By contrast, the fertilization 
by agricultural drainage was not con- 
sidered as important. 


Bacteriology 

Chapman (67) uses selective media 
containing tergitol-7 and bromthymol 
blue in the differentiation of the colli- 
form group. Esch. coli produces yel- 
low colonies with yellow zones while A. 
aerogenes gives yellow ‘‘gum drop’’ 
eolonies which are larger than £. coli 
and are surrounded by yellow zones. 
Para-coli and other lactose nonfer- 
menters give colonies surrounded by 
blue zones. Counts run 30 per cent 
higher than other selective media. 

Hannay (122) studied the bacterial 
flora of the river Avon in England. 
Below the outfall fecal streptococci de- 
creased by 97 per cent in less than 3 
mi., and below another outfall by 97.4 
per cent in 1.9 miles. 

Self-Purification Characteristics 

Reinhold (223) presented a simpli- 
fied method for evaluating load toler- 
ances on the basis of the Fair-Imhoff 
calculations. Velz (276) presented an 
extended mathematical consideration of 
various factors involved in_ self- 
purification of streams, considering in 
detail the caleulation of the effect of 
these factors, and using the more-or-less 
established constants as the basis for 
the treatment presented. 

The accepted constants used in eal- 
culation of stream characteristics have 
been given reexamination, and there 
appears to be ample reason for doubt- 
ing the constancy of some of these 
‘‘constants.’’ Abbott (1) has found 
that there is a wide distribution of the 
deoxygenation constant ‘‘K’’ in the 
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equation d x7/d T = K (IL — Xr) com- 
monly used to express biological oxida- 
tion rates. Twenty degree constants 
(‘‘K’’) reported vary from 0.075 to 
0.30 in a continuous pattern, as com- 
pared to the accepted constant of 0.1. 
Abbott reports further that there is 
no sharp demarcation line between 
carbonaceous and nitrogenous oxida- 
tion, as required by the classical theory. 

Kittrell and Kochtitzky (170) made 
a detailed combined laboratory and 
field study of self-purification of a shal- 
low turbulent stream. The 20° de- 
oxygenation constant ‘‘K’’ based on 
laboratory tests showed progressive de- 
erease on samples taken successively 
farther downstream below the source 
of pollution, after a maximum was 
reached. The maximum was 0.34, with 
continuous decrease to 0.095 being 
noted. Calculated reoxygenation rates 
for physically similar stretches of 
stream showed enormous variation. 

The authors suggest that the very 
high rates of self-purification noted 
might be caused by removal of B.O.D. 
from the stream by deposition or ad- 
sorption on bottom slimes, followed by 
anaerobic decomposition. 

Wiley, et al. (288), presented a dis- 
cussion of the results obtained by me- 
chanical reaeration applied to a stream 
below a paper mill at a point where a 
serious oxygen depletion occurred. 
Marked improvement of the zone of 
recovery is reported. 

A study of five natural streams by 
Veale (275) showed that the effect of 
dairy waste was dependent upon the 
amount of dilution, the type of stream 
bed, the rate of stream flow, and the 
oxygenation of the water. 


Stream Standards 


The Interstate Commission on the 
Potomac River Basin (155) adopted 
minimum water quality criteria for the 
streams of the Potomae River Basin 
to serve as a guide for a sanitary 
survey. 


Four classes of waters are set up, 
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varying from Class A, suitable for 
drinking water with no treatment ex- 
cept chlorination, to Class D, intended 
to exclude nuisance conditions. 

Goudey (114) proposes classification 
of ground waters into 4 groups in rela- 
tion to their usefulness for domestic, 
irrigational, and industrial purposes. 
Few authorities will agree with the 
author that water containing up to 5 
p.p.m. of phenol is suitable for a do- 
mestic water supply. 

Wiley and Howland (287) favor the 
application of minimal stream stand- 
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ards, with the establishment of stand- 
ards of stream sanitation above the 
minimum, where the maintenance of 
such standards ean be justified on an 
economic basis. 

A rational method for computing the 
safe amount of storm water diversion 
in combined sewerage systems is pro- 
posed by Theroux and Meek (266). 
By knowing the B.O.D. of the stornt 
sewage and by using the computed 
oxygen deficit of the stream as the eri- 
teria, the allowable percentage of di- 
verted storm sewage is determined. 
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WASTE TREATMENT PROBLEMS FROM THE 
VIEWPOINT OF INDUSTRY * 


By W. B. Hart 


Superintendent, Gas, Acid and Drainage Dept., Atlantic Refining Co.; Member, 


FSWA Committee 


There can be no question that the 
waste treatment problems of industry 
are numerous, or that industry has 
been doing a lot of thinking about 
them. Just because they are so numer- 
ous, it will be impossible to concen- 
trate discussion on any one, or even 
any few of them. The problems also 
vary widely, just as industrial wastes 
vary widely with respect to their char- 
acteristics. And not only are the prob- 
lems concerned with what wastes re- 
quire treatment, how they should be 
treated, and how far the treatment 
should be carried, but also with what 
materials to use, how to obtain ma- 
terials, room for installation, man- 
power, correlation with other activities, 
and last, but not least, financing the 
treatment installations. That presents 
a rather formidable list of problem 
categories. Therefore, this discussion 
well can be kept rather general. 


Background of the Problem 


It may be of interest to examine the 
background of these problems—to find 
out just why they are problems. The 
answer to at least one aspect of this 
question is rather obvious. They have 
been precipitated by a relatively sud- 
den demand for their solution. 

The conditions which must be cor- 
rected have been extant for a long 
time. Everybody knew that these con- 
ditions existed, but nobody did much 
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of anything about it. Industry did 


not do anything, municipalities did 
not do anything, state agencies did 


little other than enact legislation, usu- 
ally without funds to administer it, 
and the federal government did most 
of what was done by supplying funds 
for the installation of plants to treat 
domestic sewage. There has been a 
lot of criticism of this latter practice, 
but it got a lot of sewage treated. 
Little in the way of industrial waste 
treatment was provided for in this 
manner—not enough, all told, to make 
even a ripple on the surface of exist- 
ing pollution conditions. 

Then came World War II, and the 
conditions which were bad enough be- 
fore the war became much worse: Then 
came the atomic bomb, and the war 
was over. Then came the deluge—the 
country-wide enactment of antipollu- 
tion legislation, which in many eases 
was accompanied by appropriations 
for administration. This gave rise to 
the problems—right along with the 
problems of reconversion, readjust- 
ment, jockeying for postwar markets, 
labor strife, and material shortages. 

The Pennsylvania program is a typi- 
eal, localized example. It is little won- 
der that many industrialists regarded 
the whole thing, at first appraisal, as 
one grand headache—something they 
did not deserve after all they had done 
to win the war—a sort of persecution. 

Now just why were these matters 
such seemingly insoluble problems? 
Well, for one reason they were com- 
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pletely new. The industrial establish- 
ment had been producing wastes for 
perhaps a hundred or more years, and 
had been discharging them into the 
most convenient nearby surface wa- 
ters. The wastes had been polluting 
the streams in increasingly greater de- 
gree until the waters today perhaps 
are of little value as a resource. 

But nobody said anything about it 
—nobody did anything about it. The 
establishment was busy expanding the 
variety of its products, extending its 
markets, and increasing its production. 
Least of all was it giving any thought 
to its wastes. Consequently it knew 
little or nothing about their quantity, 
their quality, how they affected the 
surface waters, or what inconvenience 
or damage they might be causing 
others. When they were required to 
know about these things, and to cor- 
rect them, they had a problem on 
their hands. 


Survey Procedure 


The first phase of the problem con- 
cerned the study of the wastes and how 
to make a practical survey. The estab- 
lishment never had done, or heard of 
anything like that before. Could they 
do it with their own personnel? They 
had done a lot of other things so they 
would try it. Right here entered one 
of the very critical situations which the 
abrupt requirement for waste treat- 
ment has developed. Surveys often 
have been too superficial, and there is 
ever present the possibility that a more 
or less standard piece of equipment 
which apparently is suitable will not 
treat the waste adequately. It is not 
improbable that there will be some dis- 
appointments. 

Other establishments reacted differ- 
ently. These establishments decided 
to look for help outside, and to retain 
consultants. But not many people in 
industry had retained consultants for 
industrial waste treatment and disposal 
over the years, and there was rather 
a dearth of experience. 
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Lots of experience and ability in 
water and sewage treatment were avail- 
able. But it is a ‘‘far ery’’ from 
water and sewage to industrial waste 
treatment, and a ‘‘farther ery’’ from 
the way in which things are done by 
municipalities to the ways of industry. 
As a result, when proposals were re- 
ceived, showing costs and functions in 
terms totally unknown to industrial 
management, another problem was pre- 
sented. What did it all mean? Ef- 
forts to explain the type and extent 
of treatment often only added to the 
confusion. 


Reaction to Pennsylvania Program 


When it was realized that not only 
would there be a capital investment, 
but also operation cost, the resentment 
increased in many instances. Also the 
question was raised as to the degree 
of purity such an expensive plant 
surely would provide. - Was this ex- 
treme degree of purity necessary? This 
question often was asked even without 
knowledge of the purity required, or 
good understanding of the terms used 
to define it. 

All these reactions and more could 
be noted among industrial people in 
the early days of the Pennsylvania 
Stream Clearance Program. There 
was a great deal of discussion, and the 
question, ‘‘What are you people going 
to do?’’ was asked on almost number- 
less occasions. Some industrial organi- 
zations had seen the program coming 
and had been studying their plants 
and preparing. These organizations 
were waiting to learn, and needed to 
know only what form the program 
would take. They were prepared for 
almost any development and required 
only authoritative demand to go into 
intense activity. Others were not so 
fortunate, and with these the confu- 
sion and resentment usually were 
greatest. 

The various conditions and reactions 
as related to industry, naturally were 
most pronounced immediately after 











Vol. 20, No. 2 


the program was started about two 
years ago. There followed a period of 
criticism and question by industry 
which was concurrent with a not-too- 
well-defined position on the part of the 
state. This might be termed the 
formulative and criticism period, dur- 
ing which industry was divided into 
three general groups. One group set 
as its policy a complete cooperation 
with the state in an effort to correct 
pollution. A second group was made 
up of those who were not too sure 
that the program would hold up— 
that it would not fall under its own 
weight. If the program were main- 
tained, they would go along—more or 
less willingly. The third group con- 
sisted of those who felt they were be- 
ing persecuted—would do nothing they 
were not made to do—and who con- 
tinually talked of complete failure of 
the program, perhaps on the basis of 
‘‘misery loves ecompany,’’ with total 
disregard for any rights of others. 

The period of program formulation 
and criticism moved on. Its termina- 
tion well could be marked with the 
adjournment of the last Legislature. 
The program had not been weakened. 
It emerged stronger than before—both 
in its composition, its aims, and in its 
administrative personnel. The three 
eroups in industry became, in general, 
only two. The first and second largely 
had merged; the third still exists, but 
reduced in size, and it is not so vocif- 
erous. } 

So far in this discussion, little has 
been said about waste disposal prob- 
lems from the viewpoint of industry, 
and little can be said in the way of 
generalization. The thoughts of in- 
dustry are as diversified as are the 
problems with which they are con- 
cerned. But industrial people, from 
training and general surroundings, 
are accustomed to organizing their 
thoughts along lines of getting the 
greatest return for the least effort and 
expenditure. Now that there is gen- 
eral understanding of the stability of 
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the Pennsylvania Stream Clearance 
Program, some industrial people are 
giving very serious thought to the 
whole matter and to what they will 
have to do. Naturally, these thoughts 
are concerned with costs—with doing 
a satisfactory job for the least cost— 
and the various considerations have, to 
some extent at least, crystallized along 
certain matters of policy under which 
details of design for treatment of 
wastes and operation of treatment 
plants can be worked out most ad- 
vantageously. 


Stability of Pollution Control 
Program 


Perhaps the first item to consider is 
the question, ‘‘Is the program some- 
thing which can be regarded as per- 
manent or will it gradually fold up?’’ 
This question has been asked by a 
number of industrial people. 

Examination of the circumstances 
surrounding the program can be sum- 
marized to some extent. The political 
phases cannot be ignored and in this 
connection the program is bipartisan. 
The 1937 Act was put through by a 
Democratic administration; the 1945 
and 1946 amendments and appropri- 
ations by a Republican administration. 
In neither instance was there con- 
certed political assault. Instead, the 
program seems to be popular politi- 
eally. 

The program has been variously ac- 
tive and before the people for about 
two years—time enough for any poli- 
tical pressure in favor of this or that 
to show itself. There has been oppo- 
sition it is true, but the program to 
date is ‘‘batting 1,000.’’ 

What of the future? It is reason- 
able to assume that even the most in- 
different people would rather have an 
attractive stream running past their 
doors than a dirty ditch. Therefore, 
it would seem that the program will 
have increasing popular appeal. What 
will people do with all the leisure that 
isto be theirs in the modern scheme? 
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A lot of it will be spent in the open, 
and those who can afford perhaps only 
a single trolley fare have a right to 
recreation which nature has placed 
relatively close by, the same as those 
who can charter a luxury plane for a 
trip to the Canadian Rockies. This, 
again, is not a factor which points to 
an early demise of the program. The 
orgainzation and the administrative 
personnel which has been established 
for the program, also are indicative of 
continued effort. Most of industry has 
accepted the facts set forth in this 
survey as indicative of continued ac- 
tivity with perhaps more effort di- 
rected at greater stream cleanliness. 


Design Requirements 


Not infrequently, industrial people 
have voiced the idea that the state 
should develop waste treatment meth- 
ods for industry to use. This thought 
is not confined to Pennsylvania. It 
has been answered variously. In one 
instanee the reply in general stated 
that if the state were to do this, it 
would have to pay for it from taxes 
collected from the people offended by 
the pollution. Thus these people would 
be penalized in two ways. Many who 
are innocent would have to help carry 
the load of the guilty. Segregation of 
guilt would be difficult. 

Others in industry have expressed 
the idea that everybody is responsible 
in some degree for pollution, therefore 
everybody should take part in any 
drive for its correction. 

There are many industrial people, 
however, who feel that they know their 
own problems best. They prefer to 
solve these’ problems themselves—to 
have freedom either to treat the wastes 
or to eliminate them. All they ask is 
data on the extent to which treatment 
must be carried, and that this be put 
into concise, understandable terms. 

Industry wants to talk of its wastes 
in the same way as it talks of its raw 
materials, its intermediates, or its 
products. It wants to use terms of 
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definite concentration and condition, 
It wants no part of indefinite equival- 
ents and it has talked longer and 
louder about this particular feature 
of the program than perhaps any other, 
And there are many in industry who 
feel that it should have a voice in fix- 
ing the degree of purity they must 
meet in their waste treatment program. 
This is understandable but is open to 
greater length of discussion than time 
permits here. 

These matters recently have been 
brought to the attention of the state 
agencies, who reacted in a manner 
which could be described only as co- 
operative, reasonable, and __ logical. 
There is every reason to believe that 
before long industry and the state will 
join in the effort to solve specific prob- 
lems. There is good reason to believe 
also that before long industry in the 
state will know, from clear and well- 
defined specifications, just what de- 
gree of waste treatment it must pro- 
vide. It is to be hoped that the terms 
used will be understandable to all types 
of engineers and chemists in industry, 
for it is to these people in its ranks 
that industry looks for solutions for 
its waste treatment problems. The 
whole state program ean be advanced 
or retarded depending upon what de- 
velops. 


Definite Stream Standards Desired 


Finally, and perhaps paramount in 
importance, industry is wondering how 
it is to know when and under what 
conditions it will know that the pro 
eram is satisfactory or complete. In- 
dustry is accustomed to thinking of 
new projects in terms of demand, plan- 
ning, design, construction and opera- 
tion. The termination of each phase 
marks the beginning of the next. But 
each phase can be measured by a yard- 
stick which will show its progress 
where visual means fail. What is the 
yardstick for the clean streams pro- 
eram? 

Surely this cannot be answered in 
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terms or degree of waste treatment 
alone. Waste treatment is only a tool, 
like a wrench or a saw, to be used in 
building the recovery of a stream 
which has been spoiled. The recovered 
stream is the structure—the producing 
unit—for which all the effort of de- 
mand, planning, designing, construc- 
tion, and operation has been expended. 

Waste treatment is essential in the 
same manner as any tool is essential. 
But what will it matter if twenty or 
a thousand establishments discharge 
their waste into a stream if that stream 
fulfills all its values—esthetie, practi- 
cal, industrial, recreational and other- 
wise? Will there be pressure for the 
spending of one dollar for waste treat- 
ment, the tool to correct something 
which needs no correction? It does 
not seem that there would be. So in 
the final analysis it is the stream itself 
in which all are interested. 


Examination of the stream itself 
will show when the job is done. Ex- 
amination of treated wastes will not 
serve the purpose. There are sub- 


stanees which may help or harm the 
stream for which chemical analytical 


methods will not suffice. The most 
carefully devised toxicity investiga- 


tion of a waste ean only establish safe 
levels of concentration under the con- 
ditions of the test. Such tests are 
extremely useful, probably more use- 
ful than the usual series of chemical 
tests alone, but they are not final. They 
will not predict the effects of inter- 
of treated wastes from differ- 
ent sources, and similar interactions 
which may occur in such a complexity 
as is a natural body of water. 

But there is a way by which the 
success of the whole or any part of the 
program ean be established and that is 
by the examination of the stream itself. 
The stream is an environment with 
parameters of condition. It is a com- 
plex, but with auto-indicators of con- 
dition and of the effects of its com- 
plexities. It readily indicates its 
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health or disease, and even gradations 
of these conditions. 

Industry will want to know, there- 
fore, from disinterested umpires or 
from sound and proper examinations, 
just how well it has played the game. 
And the people as a whole will want 
to know how well all those in the game 
are continuing to perform—to see 
that streams which have recovered are 
being kept in clean condition. 

This can be assured only by 
fully planned stream surveys conducted 
by both aquatic biologists and water 
chemists. These individuals will know, 
each in his special way, how and where 
to look for the indicators of stream 
condition. If there is a question as to 
which science is the more important, it 
is probable that the biological phase 
will tell the most complete story; but 
for the whole story both are needed. 
Without such a check on the objective 
which both industry and municipali- 
ties are being ordered to attain, the 
whole program is comparable to a race- 
track with a starting gate but no finish 
line, and everyone conceivably could 
eo around and around and no one 
could say where to stop. In this case 
thousands and thousands of dollars 
could be spent going around unneces- 
sarily. 

Yet with a goal to attain, in terms 
of chemical and biological characteris- 
tics, which it might be said here need 
not be those of primeval stream purity, 
not only will it be known when a stream 
has been recovered, but there will be 
a recorded yardstick by which it can 
be known also that it is being kept 
clean. Industry will have something 
to show for the money it has spent, 
and can see a completed structure— 
a producing unit. 


‘are- 


Conclusion 


There are other thoughts which in- 
dustrial people have expressed con- 
cerning the stream program. Usually, 
however, they are just different ver- 
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sions of what has been said. Time 
does not permit of their consideration 
individually. But before concluding 
these remarks it may be pertinent to 
repeat what was said some time ago 
when tajking to another group on the 
subject of the Pennsylvania program, 
which is being watched in every sec- 
tion of the country. The writer has 
criticized the program but for no other 
purpose than to be constructive. He 
believes in the program, in its purpose, 
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in the personnel administering it, and 
in its ultimate success. But it is a big 
program, with a new decisiveness, and 
no stone should be left unturned to 
assure that it will be made _ possible 
for all to do their share, always, how- 
ever, being able to see and know clearly 
where and how they are going. Noth- 
ing will do more to bring industry into 
active participation, so that the view- 
point of industry will be, in general, 
a favorable one. 


DISCUSSION 


3y F. B. Minuican 


Industrial Wastes Engineer, Pennsylvania State Department of Health, Harrisburg, Pa. 


The writer is in agreement with 
much of Mr. Hart’s paper, especially 
his description of the attitude of a cer- 
tain percentage of industrial manage- 
ment. His reference to the fact that 
one group considers itself persecuted 
by measures for the abatement of 
stream pollution is sober truth, incred- 
ible as such an attitude may seem. It 
is fairly obvious that water-using fac- 
tories cannot continue to grow unless 
pollution is checked. It is a sufficient 
commentary on the quality of the citi- 
zenship of those who have been using 
the public streams as private sewers, 
free of charge, that they now have 
delusions of persecution because they 
are required to clean up. And as Mr. 
Hart says, this use of the public wa- 
ters has been going on in some cases 
for the past 100 years. 

This matter is mentioned with some 
feeling, because one of the greatest 
difficulties encountered in attempting 
to put into effect the pollution-control 
laws has been the delaying tactics em- 
ployed by a number of industrial es- 
tablishments. Such tactics are ex- 
tremely hard to combat. 

Many towns are guilty, too, but 
hardly to the same degree, since many 
an industry employing hundreds of 
people places a pollution load on the 


streams equivalent to the raw sewage 
of thousands, or tens of thousands— 
by any standard of comparison except 
bacterial. Industrial wastes very 
rarely carry disease germs, but do- 
mestiec sewage, on the other hand, 
rarely carries ecyanides or mineral 
acids, so the score there is about even. 

The hard core of Mr. Hart’s paper 
assumes the general acceptance by in- 
dustry today of a pollution abatement 
program, for which Mr. Hart himself 
has worked unselfishly and long. He 
states that industry wants no part of 
‘‘indefinite equivalents,’’ and expects 
industry soon to know, by ‘‘clear and 
well-defined specification’’ just what 
degree of waste treatment it must pro- 
vide. He has in mind requirements 
that are based solely on the condition 
of the receiving stream. 

The ideal method of pollution con- 
trol probably is to adjust the degree 
of industrial waste and sewage treat- 
ment to the use and condition of the 
receiving body of water, so that while 
a big establishment on a little stream 
might have to treat its wastes to a 
very high degree, a small plant on a 
big stream might have to do nothing. 
The writer held that opinion himself 
for years, and still feels that the ob- 
jections to it are chiefly practical ones. 
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But they are overwhelming. An at- 
tempt will be made to explain them 
because it was these considerations 
which have forced him to the conelu- 
sion that requirements based solely on 
the condition of the receiving streams 
simply are not feasible. 

In order to base’ control on the 
stream condition, a lot of data must 
be obtained and arbitrary rulings made 
on questions such as the following: 

Where should requirements be en- 
foreed? Two feet below the plant out- 
fall, or 200 feet, or 2 miles downstream ? 
Should they be enforced where gen- 
eral admixture first occurs or at the 
first convenient bridge? These are 
practical considerations of some im- 
portance when multiplied by thousands 
of cases. 

When should requirements be en- 
foreed? At the lowest recorded flow 
of a given stream or of streams in a 
civen region? Or at drought flow de- 
fined as the average of the lowest flows 
continuing for 1 week and expected to 
occur once in 5 years? Or at ordinary 
ow flow, the average of the lowest 
flows of an approximately normal year, 
unusual minimum flows being rejected ? 
But note that whatever stage of the 
stream is decided upon, a laboriously 
determined rating curve (or its equiva- 
lent in observed stream conditions) 
must be established in order to find 
when the critical stage is reached, at 
which requirements must be met. 

How should the use of the stream be 
allocated if several towns and indus- 
tries are in the same general vicinity? 
The problem is easily solved if each 
polluter is required to render the 
stream as clean as he receives it, but 
that is a very high standard in most 
cases of summer trickles and large 
industries, and in the present state of 
the art of industrial waste treatment. 

Then how ean the assimilating power 
of the stream be justly allocated? On 


the basis of relative pollution loads? 
If so, on what sort of loads—solids? 
B.O.D.? 


Acids? Color? Or on the 
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number of employees in each industry 
versus the number of citizens in each 
town, or on the ecology of the stream 
(ecology being defined as ‘‘biology 
dealing with mutual relation between 
organisms and their environment’’) ? 

It must be thoroughly realized that 
such allocation, however well worked 
out, would have to be reworked, with 
corresponding changes in treatment 
plant, whenever a new industry or 
town arose. 

Therefore, despite industry’s de- 
mand as voiced by Mr. Hart, ‘‘ Indus- 
try is wondering how it is to know 
when ... the program is. com- 
plete’’—industry will never know that, 
any more than it ever will know when 
the automobile manufacturers will stop 
developing new models, or when new 
high-test gasolines will stop appearing. 

Mr. Hart continues, ‘‘ ... What 
will it matter if 20 or 1,000 establish- 
ments discharge their wastes into a 
stream, if that stream fulfills all its 
values, .. . industrial, recreational and- 
otherwise?’’ The necessity for each 
establishment’s doing its share is para- 
mount for exactly the same reasons as 
those which compel each citizen to 
pay taxes or perform military service. 
If 20 or 1,000 fail in their duties as 
citizens the country will be little af- 
fected, but if all fail the country also 
will fail. 

It was because of considerations of 
this sort that the Pennsylvania Sani- 
tary Water Board established its pres- 
ent requirements, which are a compro- 
mise between one extreme of arbitrary 
percentages of reduction for each 
source of pollution and the opposite 
extreme of requirements based only on 
the condition of the receiving body of 
water. ; 

First, the Board took general cog- 
nizance of the use and condition of the 
streams of the Commonwealth on the 
basis of current estimates, and divided 
the streams into several classes with 
regard to the character of each stream 
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and the use to which it is put. The 
classification may be altered from time 
to time as knowledge increases and 
conditions change. 

This then is an adjustment of re- 
quirements to fit the receiving stream. 
It is a practical step in the direction 
suggested by Mr. Hart. 

Next, the Board set requirements for 
minimum percentages of reduction of 
the polluting characteristics of indus- 
trial wastes and sewage. This is a 
practical measure. It probably works 
some hardship, as do most regulations 
—however just they may be in the main 
—but being practical, it certainly 
should appeal to hardheaded business 
men. 

In this connection should be noted 
Mr. Hart’s statement that industry 
‘‘wants no part of indefinite equiva- 


lents.’’ In notices sent by the direc- 


tion of the Pennsylvania Sanitary Wa- 
ter Board to industrial establishments 
causing pollution, the requirements for 
sewage treatment were stated in some 
detail for purposes of illustration, and 
it was further explained that indus- 
trial wastes must be treated to an 
‘*equivalent’’ degree. This phrase was 
used in order to permit some adjust- 
ment where circumstances indicated its 
fairness or necessity, pending the de- 
velopment of more exact knowledge 
respecting industrial waste disposal. 
It may be decided that this considera- 
tion should no longer be given to in- 
dustrial polluters. The anticipated de- 
velopment of certain standards, how- 
ever, may further simplify this mat- 
ter, at least from the administrative 
point of view. 

Finally, the Board set the require- 
ment of additional treatment if, when, 
and to the degree that the stream re- 
quires it. Here, Mr. Hart and the 
Board seem to be in full agreement. 
The writer feels that improvements are 
desirable in the tests used to determine 
whether or not a particular stream re- 
quires higher treatment than the mini- 
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mum. The B.O.D. test may be super- 
seded and routine studies may include 
the ecology of the stream—when the 
time and personnel needed for such 
studies become available. 

Even the present studies or regula- 
tions to determine the final quality of 
the stream are complicated, as has been 
shown. Such studies, however, must 
follow the actual construction of treat- 
ment plants, and therefore it probably 
will be possible to fit them into a reas- 
onable work schedule. Meanwhile, the 
fish wardens will report if trouble de- 
velops, thereby proving without more 
ado the need for better-than-minimum 
treatment. 

Industry has a right to ask for reas- 
onable standards. It is hoped that they 
will be based on percentages of reduc- 
tion of raw waste characteristics, be- 
cause if that phase of the Board’s 
policy were to be set aside, all the dis- 
interested engineers and chemists with 
whom the writer has discussed the mat- 
ter agree that the present stream im- 
provement program would be delayed 
for vears. But standards of normal 
raw wastes should be set up where 
possible, in order that an industry with 
good housekeeping may not be penal- 
ized with respect to a similar plant 
having poor housekeeping, when the 
Board’s percentages of reduction are 
applied. 

Mr. Hart expects that industry will 
soon know ‘‘from clear and well-de- 
fined specification, just what degree of 
waste treatment it must provide’’ and 
that ‘‘there are many in industry who 
feel that it should have a voice in ef- 
fecting the degree of purity they must 
meet in their waste treatment~ pro- 
eram.”’ 

Months ago the Bureau of Engineer- 
ing proposed to at least two major in- 
dustries that they follow the example 
set by several other industries and meet 
with the engineers of the Bureau in 
order to prepare normal raw waste 
standards for the consideration of the 
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Sanitary Water Board. Thus far 
nothing has been done, so that it may 
be necessary to proceed alone. 

Some concerns have wished to receive 
a flat permit analogous to a building 
permit, good once and for all, until 
they have come to realize that in such 
eases the Board would have to require 
treatment works far oversized to take 
care of the worst possible condition of 
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wastes, overloads, low stream flows, and 
other contingencies—and that even 
then, if the establishments were to in- 
crease in size, additional capacity 
would have to be provided. With the 
‘more if necessary’’ clause, however, 
the works may be designed much 
closer to the estimated requirements, 
and additions can be made later if 
necessary. 


PENNSYLVANIA INDUSTRY FORMS SUBSIDIARY COMPANY 
TO DISPOSE OF WASTES 


In compliance with the Pennsylvania 
Clean Streams Program, the Wheat- 
land Tube Co., of Wheatland, Pa., has 
organized the Maneely Chemical Co. 
as an affiliate unit to manufacture by- 
from wastes that are now 
discharged to streams. The Wheat- 
land Tube Co. is a large producer of 
steel pipe and tubing for industrial 


products 


and residential uses. 


Construction of the byproducts 


plant on a site adjacent to the parent 
company’s plant property was begun 
in January, 1948. The Maneely 
Chemical Co. will employ recently de- 
veloped processes for the recovery of 
zine sulfate, zine chloride, zine am- 
monium chloride, and pigment grade 
iron oxide from the Wheatland plant 


wastes. Production of these materials 
is scheduled for the latter part of 
1948. 





INDUSTRIAL WASTE DISPOSAL INSTRUCTION COURSE 


An instruction course on industrial 
waste disposal and stream pollution 
control for and industrial 
waste treatment works personnel was 
1948, at 


The course is spon- 


sewage 


inaugurated February 20, 
Detroit, Michigan. 
sored by the Committees on Education 
of the Michigan Sewage Works Asso- 
ciation and the Michigan Section of the 
AWWA, with the University of Michi- 
gan Extension Service cooperating. 


Subject matter for the course is de- 
signed to present the fundamental 
aspects of the disposal of liquid indus- 
trial wastes and the effects of such 
wastes on receiving streams and sew- 
age treatment works. Instruction will 
be directed by several recognized au- 
thorities of the waste treatment field. 

Instruction classes are being held 
one night each week for twelve weeks. 
Mr. J. E. Cooper, Ford Motor Com- 
pany, is the course leader. 








LIQUID-PHASE AND FOAM-PHASE OXIDATION OF 
WASTE SULFITE LIQUOR * 


By Rozert P. Logan anp H. HEUKELEKIAN 


Assistant and Associate Research Specialists, respectively, Rutgers 
University, New Brunswick, N. J. 


Of the many wastes produced by the 
paper industry, waste sulfite liquor is 
generally accepted as being a major 
problem from the standpoint of both 
stream pollution and difficulty of treat- 
ment. 

The importance of the problem is 
attested by the numerous investigators 
who have given attention to it. The 
biological treatment processes that 
have been described include activated 
sludge (1, 2), trickling filters (3, 4), 
and the yeast production processes. 
The latter are byproduct recovery 
methods which effect a considerable 
degree of treatment. 

In the course of studies in the writ- 
ers’ laboratory, two general methods 
of treatment of sulfite Liquor were de- 
veloped, both based upon aeration. 
The first method—direct aeration— 
was applied-where the rate of air ap- 
plication was just high enough to pre- 
vent extensive foaming. This method 
was called ‘‘liquid-phase oxidation.’’ 
The second method of direct aeration 
was used to convert the liquid com- 
pletely to foam, and was called ‘‘foam- 
phase oxidation.’’ In the first method, 
the biological organisms used (seed) 
were in the form of a dispersed, non- 
floceulent growth, whereas, in the 
foam-phase treatment, an attached 
growth was developed. 

Previously used biological methods, 
such as activated sludge and trickling 
filters, required dilution of the strong 
sulfite waste in order to obtain reas- 


* Journal Series Paper of the New Jersey 
Agricultural Experiment Station, Dept. of 
Sanitation, Rutgers University, New Bruns- 
wick, New Jersey. 
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onable degrees of stabilization. In the 
methods described in this paper, the 
treatment of full streneth waste was 
one of the goals. 

The authors believe that foam-phase 
treatment represents a new approach 
to the problem of carrying on biologi- 
cal oxidation of wastes. 


Waste Liquor 

The waste liquor used in the experi- 
mental work was Clarion Extract ob- 
tained from the Costania Paper Com- 
pany. It had been concentrated to 
49.3 per cent solids, and had a sulfur 
dioxide content of 1,700 p.p.m. The 
loss of sulfur dioxide content during 
evaporation makes the waste noncom- 
parable to normal sulfite waste liquor 
and possibly affects the results favor- 
ably. 

The dilution of the concentrated 
waste used most commonly was 1 to 5, 
which gave a 5-day B.O.D. of 19,000 
p.p.m., which corresponds to the ac- 
tual strength of the wastes discharged 
from a mill. Sufficient nutrients, in 
the form of ammonium chloride and 
dipotassium phosphate, were added to 
supply the needs of the microorgan- 
isms. Minimum nutrient requirements 
were not studied during this part of 
the work. 

Analytical Procedure 

In general, analytical procedures 
were in accordance with ‘‘Standard 
Methods.’’ However, dissolved oxy- 
gen was measured with the sodium 
azide modification of the Winkler 
method, and alkaline sodium _ iodide 
with a short period of alkalization. No 
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appreciable differences were noted be- 
tween this and the alkaline hypochlo- 
rite modification. Formula C dilution 
water was used for all B.O.D. deter- 
minations. 


Liquid-Phase Aeration 


The use of dispersed cells for 
this treatment, instead of flocculent 
erowths, was based on the results ob- 
tained from work with other types of 
wastes. The aeration of such concen- 
trated waste normally does not pro- 
duce flocculent growths, but instead 
the microorganisms tend to grow dis- 
persed in the medium. | As a result, 
the removal of B.O.D. is by actual oxi- 
dation rather than by transference of 
a part of the organic impurities into 
the floc. Consequently, no sludge is 
formed and the recovery of fertilizer 
material is not feasible. 


Development of Culture 


The original inoculum was obtained 
from lawn soil. The method consisted 
of adding the soil suspension to the 
diluted and enriched waste liquor and 
aerating it. By successive transfer, a 
natural enrichment took place and 
microorganisms adapted to the waste 
became established. Yeasts and bac- 
teria were found in the seed, but no 
protozoa or fungi. 


Diffused Air Aeration with Mixed 
Cultures 


With the acclimatized culture ob- 
tained, the treatment of the sulfite 
liquor was started on a batch basis em- 
ploying a 24-hour aeration period. 
Liquor aerated the previous day was 
retained as seed in the amount of 25 
per cent by volume. Aeration was ac- 


complished by passing compressed air 
through diffuser tubes. 

The quantity of air input was limited 
by the extensive foaming, so that only 
enough air was used to prevent the 
‘foam from going over the top of the 
conical vessel employed. 


At intervals 
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the B.O.D. of the aerated liquor was 
determined. During a period of three 
weeks, B.O.D. reductions never ex- 
ceeded 32 per cent and at times were 
as low as 10 per cent, with an average 
reduction of 22.6 per cent. 

Although the original intent of the 
work was to develop a method for the 
treatment of undiluted sulfite liquor, 
the rather poor results obtained with 
the undiluted material prompted, in 
some instances, a study of waste diluted 
to 7,300 p.p.m. of B.O.D. Dilution of 
the waste would decrease the oxygen 
demand, and the supply of air, limited 
by foaming, would become adequate. 

Operation on a fill-and-draw basis, 
using a 24-hour aeration period and re- 
tention of 25 per cent seed, continued 
for one month, showed only a slight 
improvement over the treatment of the 


undiluted waste. The average re- 
moval of B.O.D. was 26.7 per cent. 
Daily variations were considerable, 


ranging from 3 to 41 per cent B.O.D. 
reduction. 

Studies pertaining to the effect of 
pH showed that the percentages of 
B.O.D. reduction were not affected ma- 
terially between pH 4 and 7. 


Treatment with Pure Oxygen and 
Mixed Cultures 


In order to eliminate the possibility 
that a deficiency in oxygen supply was 
responsible for the low B.O.D. reduc- 
tions, the waste sulfite liquor was 
shaken mechanically and _ intermit- 
tently with oxygen in a closed system, 
which at the same time permitted 
measurement of the rate of oxygen 
utilization. 

The aeration period was 24 hours, 
and 20 per cent by volume of the 
treated liquor was retained as seed. 
The average B.O.D. reduction over a 
16-day period was 32.1 per cent, vary- 
ing from about 25 per cent to about 
45 per cent. 

The low B.O.D. reductions were ap- 
parently not caused by a deficiency OK 








oxygen. Measurements showed that 
the maximum rate of oxygen utiliza- 
tion was about 150 mg. per liter per 
hour, whereas the minimum oxygen 
supply was about 210 mg. per liter per 
hour. Since at all times an excess of 
oxygen existed, the low B.O.D. reduc- 
tion was probably due to the inade- 
quacy of the seed material. The seed 
may be inadequate if the number of 
organisms is low or if the proper type 
organisms are not used. 

To inerease the number of organ- 
isms without increasing the volume of 
seed, a heavy slime growth from foam- 
phase treatment was used. The growth 
was thoroughly dispersed and used in 
the ratio of 1 to 2.6 parts of waste 
sulfite liquor, both on dry solids basis. 

Sulfite liquor samples of 19,000 and 
9,500 p.p.m. B.O.D. were used, and the 
seeded liquor was shaken with oxygen. 
The stronger waste showed an average 
B.O.D. reduction of 32 per cent, while 
the more dilute waste gave a B.O.D. 
reduction of 34 per cent. It appears 
that even with an abundant supply of 
oxygen and with a heavy seeding it 
was not possible to obtain much better 
than 30 to 35 per cent B.O.D. reduc- 
tion by the application of air or oxy- 
gen to the liquid waste. 


Treatment with Pure Oxygen and Pure 
Yeast Cultures in Dispersed State 
Cultures of Torula utilis and bakers 

yeast were propagated on diluted and 

enriched waste. The treatment was 
with oxygen in a closed system, de- 

scribed previously, for a period of 24 

hours, 17 per cent by volume of the 

liquor being retained each day as seed. 

The average B.O.D. reductions were 

30.5 per cent for the Torula and 23.6 

per cent for the bakers yeast. With 

Torula the maximum reduction was 43 

per cent. 


Foam-Phase Treatment 


The previously described experimen- 
tal work indicated no promise of great 
suecess in the treatment of undiluted 
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waste sulfite liquor by liquid-phase 
aeration. The amount of oxygen that 
can be supplied to undiluted waste sul- 
fite liquor*by air is limited by the 
tendency of the waste to foam. Even 
when pure oxygen was used the results 
were unsatisfactory. 

Since the foaming of the waste could 
not be prevented during aeration, 
treatment of the waste in the foam 
state suggeSted itself. Such a process, 
if feasible, would have the advantage 
of a greater supply of oxygen at the 
liquid-air interface. 

Oxygen dissolves in a liquid at the 
gas-liquid interface. A narrow region 
around the bubble quickly becomes sat- 
urated with the gas and further solu- 
tion is limited by the rate of the gas 
diffusion away from the saturated zone. 

Ordinary aeration processes are in- 
efficient, but with dilute wastes, aera- 
tion does not become a limiting factor. 
With concentrated wastes, such as sul- 
fite liquor, aeration may be a limiting 
factor: first, because the biochemical 
utilization of oxygen is high; and see- 
ond, because the high concentration of 
dissolved matter limits the solubility 
of the oxygen. 

To inerease the efficiency of aeration 
it is necessary to increase the air-liquid 
interface. It would appear that liquid 
in a completely foamed condition would 
represent the ultimate in air-liquid in- 
terfacial area. 

To approach maximum air-liquid 
contact, waste sulfite liquor was com- 
pletely converted to foam in 4-ft. long 
glass tubes mounted vertically, each 
equipped with an air diffuser plate at 
the bottom and a large funnel mounted 
at the top to provide holding space for 
excess foam to allow for foam break- 
age. 

In all foam experiments the waste 
was fortified with nutrients in the form 
of ammonium and phosphate salts. 
The microbial culture was developed 
as described previously. 


In the first experiment, waste con- 


taining 20 per cent developed seed was 
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foamed for three days with the follow- 
ing results: 


Days 5-Day B.O.D. Per Cent 
Aeration (p.p.m.) Reduction 
0 19,700 0 
1 11,970 39.4 
2 6,750 65.8 
3 4,590 76.7 


Even the first day’s result indicated 
a distinct advantage over liquid-phase 
aeration. The foamer was then oper- 
ated with a daily addition of two-thirds 
of the capacity, one-third of the treated 
liquor being retained daily as seed. 
After two weeks of such operation a 
tan biological slime developed on the 
walls of the foamer. 

With operation on a daily feeding 
schedule, after the attached growth had 
been established, analyses indicated the 
following results : 


l 
Treatment | pO.p. | Per Cent 








jane (p.p.m.) | Reduction 
Feed Liquor ; — 19,950 _— 
Treated Liquor | 24 4,230 78.8 


24 3,820 | 80.9 
24 3,440 82.8 


Treated Liquor | 
Treated Liquor | 








— 
ie 2) 


Treated Liquor 3,240 83.8 

Treated Liquor | 24 3,000 | 85.0 

Treated Liquor | 24 2270| 87.7 
| t ae 

Average of 24-hour results 83.0 





The remarkable improvement in 
B.O.D. reduction was attributed to the 
development of the attached biological 
slime which had developed in the 
foamer. 

To prove that the attached growth 
was the effective agency, another 
foamer without the attached growth 
was operated concurrently with the 
one described above. 

The tube without the attached 
growth as well as the one with the 
initial attached growth was seeded 
with the treated liquid in the ratio 
of 1 volume of seed to 2 volumes of 
raw waste. Some results expressed in 
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percentage of B.O.D. reduction were 
as follows: 


Attached No Attached 
Day Growth Growth 
1 85.0 58.0 
2 87.7 74.5 
3 _— 73.7 


The rapidly increasing efficiency of 
the new foamer was accompanied by a 
quick development of growth attached 
to the foamer walls. It was concluded 
that liquid seed was not necessary, and 
in the remaining work none was used. 

When the foamer was operated with 
only attached growth, it was entirely 
drained of the treated liquor and 
charged with fresh liquor. Thus no 
liquid seed was present other than that 
which clung to the biological growth 
on the container walls. 

The average results obtained with 
attached growth only showed that a 
B.O.D. reduction of 80.3 per cent was 
obtained in 24 hours. Figure 1 shows 
the results from experiments with at- 
tached growth only, in which the air 
was metered. Six hours of foaming 
gave a B.O.D. reduction of 50 per cent 
with a consumption of 125 eu. ft. of 
air per gal. of liquid. The 24-hour re- 
duction was 87 per cent. 

Although the air consumption ap- 
pears very high, examination of the 
curve during the first 4 hours, when 
the B.O.D. curve is approximately 
straight, shows that the reduction 
amounts to 0.65 lb. B.O.D. per 1,000 
cu. ft. of air applied. Increased effi- 
ciencies of air usage would probably 
result if taller foaming columns were 
used. 


Continuous Foam-Phase Treatment 


To determine whether or not con- 
tinuous treatment by foam-phase oxi- 
dation was practicable, a laboratory 
scale apparatus was used consisting 
of a 4-ft. long, 244-in. diameter tube 
equipped with a diffuser and overflow 
frnnel. To provide continuous feed, 
a small chemical feed pump controlled 
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by a time clock fed the raw sulfite 
liquor to the top of the foaming 
chamber. An overflow siphon allowed 
an equal amount of treated waste to 
escape from the bottom of the chamber. 
The detention time was varied by 
changing the pumping period. Ordi- 
narily, 2 or 3 pumping periods per 
hour were used. 

In the first series of tests, a heavy 
growth, which had been developed 


over a period of several weeks, was 
used. The results were not as satis- 
factory as with batch treatment, es- 
pecially during the first 8 hours. 

During the course of these experi- 
ments, the rate of film buildup was 
very rapid. The growth became so 
thick that a major portion appeared 
to be anaerobic. 

To determine whether the age and 
thickness of the growth were signifi- 
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eant, another series of | continuous 
treatment runs were made using a rela- 
tively new and thin growth. 

The results of both series are com- 
pared with the average results from 
a series of batch treatments in Figure 
2. Both old and new growth gave ap- 
proximately the same reduction in 24 
hours and this reduction was only 
slightly less than that attained with 
batch treatment. However, during 
the first 12 hours the new growth gave 
much better results than batch treat- 
ment, while the old growth gave poorer 
results. It appears that a thick growth 
is not necessary and may, in fact, be 
less desirable. 


Foam-Phase Treatment with Pure 


Yeast Cultures 


To determine the action of yeasts 
in foam-phase treatment and to com- 
pare foam-phase with liquid-phase 
aeration, experiments with pure cul- 
tures of baker’s yeast and Torula 
utilis were utilized and further de- 
veloped by foaming. After each pe- 
riod of foaming, the treated waste was 
centrifuged to remove the yeast cells, 
which were then re-inoculated into a 
fresh batch of waste. Some typical 
results were as follows: 


Treatment .O.D. 
Time Culture Reduction (%) 

24 hours Baker’s yeast 53.5 

24 hours Torula utilis 64.6 

46 hours Baker’s yeast 63.0 

46 hours Torula utilis 61.5 


It is apparent that about 65 per cent 
of the B.O.D. was amenable to treat- 
ment with yeasts. Torula utilis ap- 
peared to be more active than the 
baker’s yeast. Foam-phase treatment 
with yeasts yielded better results than 
liquid aeration with yeasts, but not as 
good as mixed-culture, foam-phase 
treatment. 

The behavior of yeasts under the 
conditions of foam-phase treatment is 
interesting. Attached growth occurred 
with a relatively heavy film, which 
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sloughed off easily. No anaerobic con- 
ditions resulted within the film. 


Nature and Behavior of Biological 
Slime from Mixed Cultures 


During the first period, when lab- 
oratory foaming units were used, the 
time of film development varied from 
several days to 2 weeks. As the at- 
tached growth developed, the turbidity 
of the treated liquor decreased, indi- 
cating an increase in predominance of 


attached growth over the dispersed 
growth. 
It was found that with laboratory 


units the growth was liable to sudden 
and complete sloughing after 40 to 50 
days of development. The growth was 
black on the side toward the walls and 
appeared to be anaerobic in this re- 
gion. The foam, or aerobic side, was 
tan colored and had a rough, pebbled 
surface. The film thickness may ex- 
ceed 14 inch. One striking feature of 
the growth was its tough and rubber- 
like nature. Pieces of the material up 
to 3 ft. long were picked up without 


tearing. Figure 3 shows a sample of 
the film. 
Microscopie examination of the 


growth revealed a matlike growth of 
fungi; bacteria and yeasts of both the 
budding and rod type were present, 
but protozoa were absent. 

An analysis of the unwashed slime 
film scraped from the walls of the 
foamer showed it to contain: 

23.8 per cent 
72.5 per cent 
2.81 per cent 
0.86 per cent 


2) ed ae 
Volatile Matter...... 
Total Nitrogen....... 
0 Re aes 


* On dry solids basis. 


It was estimated that 15 to 20 per 
cent of the solids in the waste sulfite 
liquor were recovered as slime. 

Although all experiments were con- 
ducted with the growth attached to the 
glass walls of the foamer, tests showed 
that the growth would grow equally 
well on woodchips, paper, cork, and 
many other materials. 
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FIGURE 3.—Sample of biological slime 
developed in foam-phase aeration studies. 


Mechanics of Foam Production 


Since the degree of expansion of 
foam might be a determining factor 
in the practicability of the foam-phase 
process, studies were made to deter- 
mine what degrees of expansion might 
be encountered. The use of glass dif- 
fuser plates of varying porosities and 
various rates of air transmission re- 
vealed that expansion ratios of volume 
of foam to volume of liquid converted 
to foam could be kept under 10, if 
the permeability of the diffuser plate 
was less than 36. The rate of air pas- 
sage appeared to be of secondary im- 
portance. 

Control of the degree of expansion 
of the foam is desirable for several 
reasons. Obviously, some control is 
required to contain the foam within 
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the equipment. It appears that there 
exists some optimum bubble size, which 
will effect most efficient transference of 
oxygen to the liquid. If the bubble is 
too small, too little air is associated 
with a given volume of liquid, and if 
the bubble is too large, the reverse is 
true. 

In general, ideal foaming occurs 
when the rate of flow of air, the dif- 
fuser type and area, and the nature of 
the waste are such that the rate of foam 
formation at the diffuser surface is just 
matched by the‘rate of liquor return 
from the broken foam. Under these 
conditions the formation of large bub- 
bles is avoided and expansion kept at 
a minimum, 

Satisfactory foamer operation was 
also obtained with a venturi pick-up 
for the air. The waste was pumped 
through the venturi in which it was 
mixed with air and emerged as a foam. 

Discussion 

The factors to be considered in aero- 
bic treatment of waste sulfite liquor 
are: (1) maintenance of aerobic con- 
ditions, (2) nature and concentration 
of the cultures. 

The maintenance of aerobic condi- 
tions depends upon the rate of aeration 
and the dilution of the waste. When 
compressed air is used for aeration 
purposes, a foam is produced; there- 
fore, the maintenance of a liquid phase 
and aerobic. condition is impossible. 
Although no actual dissolved oxygen 
determinations could be made, it is pos- 
sible that dissolved oxygen became a 
limiting factor in the aeration of the 
liquid with dispersed cells. It was 
necessary to reduce the rate of aera- 
tion in order to prevent the conversion 
of the liquid to foam. With dispersed 
cells, normal air diffusion and a full 
strength of waste, a maximum B.O.D. 
reduction of about 30 per cent was 
obtained in 24 hours, and an average 
reduction of 22.6 per cent. 

When aerobic conditions were as- 
sured by shaking the liquor in the 
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presence of pure oxygen and dispersed 
mixed cultures, the B.O.D. reductions 
were only slightly higher, averaging 
32 per cent. 

Three types of inocula were used 
in the studies with dispersed cells, 
namely: (a) original culture developed 
from soil, (b) dispersed slime growth 
from foam-phase treatment, and (c) 
yeast cells. None of these cultures in 
dispersed state reached a high degree 
of efficiency in the presence of an ample 
oxygen supply. 

The treatment with dispersed cells 
seems to be unsuitable for the treat- 
ment of such strong wastes because of 
the difficulty of maintaining dissolved 
oxygen with normal air and because 
of the lack of concentration of organ- 
isms capable of consuming the concen- 
trated food materials. 

Foam-phase treatment, however, 
proved successful for the treatment of 
sulfite liquor with either mixed cul- 
tures of organisms or with pure yeast. 
Reductions of 80 to 85 per cent B.O.D. 
were obtained with mixed cultures in 
24 hours and 50 per cent reductions 
were obtained consistently in 6 hours. 
Yeast cultures did not prove as effi- 
cient as the mixed cultures, since only 
65 per cent reduction was obtained 
with Yorula and 55 per cent with 
baker’s yeast. 

A comparison of results obtained by 
liquid-phase and foam-phase oxidation 
is shown graphically in Figure 4, where 
average results are plotted. It is evi- 
dent that a mixed-culture, foam-phase 
treatment is nearly 4 times as effective 
as liquid-phase treatment, and that 
Torula utilis foam phase and air is 
over twice as effective as liquid-phase 
aeration with pure oxygen. 

With a naturally stable foam-form- 
ing waste, such as sulfite liquor, the 
foam-phase treatment seems to be 
ideally suited because the favorable 
conditions required for the successful 
treatment of a concentrated waste pre- 
vail. A large mass of diversified or- 
ganisms attach themselves to the sur- 
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MIXED CULTURE TORULA UTILIS 


FIGURE 4.—Effectiveness of foam-phase 
and liquid-phase aeration. 


face. The organisms are bathed 
continuously with a thin film of liquid 
containing food, and the oxygen is 
supplied to the active surface. The 
aeration is similar to that taking place 
in the trickling filter; the difference 
consists in the method of bringing the 
material in contact with the active 
surfaces. 

It is difficult to project and predict 
from laboratory scale experiments the 
performance and difficulties of a large 
scale installation. High efficiencies, 
both from the standpoint of B.O.D. 
reduction and air utilization were ob- 
tained. If the basic principles can 
be incorporated in the design of a 
large scale plant, there seems to be no 
reason why at least equal performance 
results cannot be obtained. 

The question of thickness of film and 
of the method of loosening and dis- 
charging it remains to be solved. If 
the film in a large installation should 
discharge suddenly after reaching a 
certain thickness, the efficiency would 
drop for a time. 








The growth could be relatively easily 
recovered for fertilizer purposes, as it 
settles readily and has a moisture con- 
tent lower than that of activated 
sludge cake from a vacuum filter. 
However, the nitrogen content is ma- 
terially lower than that of activated 
sludge and is more nearly comparable 
to the nitrogen content of digested 
sludge. 

Some experiments indicated that it 
should be possible in a large scale in- 
stallation to grow the organisms on an 
inert surface such as sawdust or waste 
bark, wasting an appropriate amount 
of this growth-carrying, inert medium 
daily. By this method the sludge prob- 
lem would be more uniform and the 
growth could be kept young and active. 
Results have shown the young growth 
to be more effective than old growth 
during the first half of a one-day 
foaming period. 

The results with yeasts are signifi- 
cant in view of the interest shown by 
the industry in the production of fod- 
der yeast from waste sulfite liquor. If 
the attachment of yeasts to fixed sur- 
faces noted in these experiments can 
be promoted, the problem of recovery 
of the yeasts from the liquor will be 
considerably lessened. 


Summary and Conclusions 


Laboratory experimentations with 
concentrated waste sulfite liquor re- 
sulted in the development of an im- 
proved method of bringing the waste in 
contact with biological growth and the 
maintenance of a constant supply of 
oxygen in close proximity to the food 
and organisms. 

Two types of treatment were studied. 
One, in which oxygen was supplied to 
the liquid waste, either as air or as 
pure oxygen, was termed ‘‘liquid- 
phase treatment.’’ The other, in which 
the supply of air used converted the 
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sulfite liquor entirely to foam and in 
which attached growth developed, was 
termed ‘‘foam-phase treatment.’’ 

The following conclusions were 
drawn from the results of the work: 


1. The treatment of diluted or con- 
eentrated sulfite liquor with com- 
pressed air and dispersed cells pro- 
duces a stable foam, limits the quan- 
tity of oxygen supply necessary for 
oxidation, and gives a B.O.D. reduc- 
tion not in excess of 30 per cent in 
one day. 

2. Shaking of the sulfite liquor in 
the presence of pure oxygen with a 
mixed culture of dispersed cells gives 
a B.O.D. reduction not in excess of 35 
per cent in one day. 

3. Shaking of the sulfite liquor in 
the presence of pure oxygen with pure 
cultures of Torula utilis and baker’s 
yeast in dispersed cells did not increase 
the efficiency obtained with mixed cul- 
tures under otherwise similar condi- 
tions. TJorula gave somewhat higher 
reductions than baker’s yeast. 

4. Foam-phase treatment with at- 
tached cultures gave 80 to 85 per cent 
reduction in 24 hours, and nearly 50 
per cent in 6 hours. 

5. Foam-phase treatment employing 
Torula utilis and baker’s yeast gave re- 
ductions of 60 and 50 per cent, re- 
spectively, in 24 hours. Attached 
erowth occurred. 

6. Continuous foam-phase treatment 
gave 24-hour results similar to those 
of the batch process. When new 
growth was employed, the continuous 
treatment gave markedly better re- 
sults in the first 12 hours. 
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INTER-AMERICAN SANITARY ENGINEERING CONGRESS 
SCHEDULED 


The Chilean Section of the Inter- 
American Association of Sanitary 
Engineering ([AASE) has now an- 


nouneed definite plans for the First 
Inter-American Sanitary Engineering 
Congress. The Congress will be held 
at the University of Chile, Santiago, 
Chile, on April 8-14. Sponsoring 
agencies include the. Chilean Section 
(IAASE), the Ministry of Public 
Works of Chile, the Ministry of Pub- 
lic Health of Chile, the Department of 
Water and Sewerage of Santiago, the 
Pan-American Sanitary Bureau, and 
the Institute of Inter-American Af- 
fairs. 

This Congress will follow the pat- 
tern of the two preceding regional 
meetings held in Rio de Janeiro, 
Brazil, and Caracas, Venezuela, in 
1946, and there will be in attendance 
not only sanitary engineers, but also 
publie health and public works officials 
and allied professionals from all the 
American Republics. 

A balanced program designed to ap- 
peal to the sanitary engineer, whether 
he is in the field of public health, pub- 
lic works, private consulting work, or 
manufacturing has been planned. 
Among the outstanding items of inter- 
est are inspection trips to the Las 


Vizeaches water treatment plant and 
the Villa Alemana sewage treatment 
plant near the famous ocean resort of 
Vina del Mar. 

One of the most important matters 
to be placed on the Congress’ agenda 
is the establishment of the Inter-Ameri- 
ean Association of Sanitary Engineer- 
ing on a permanent basis. During the 
past year, the Association has fune- 
tioned in an interim status through a 
temporary Advisory Committee and an 
Acting Secretary. 

A large exhibit of water-works and 
sanitation equipment will be staged in 
the exhibit hall adjacent to the Uni- 
versity of Chile auditorium and will 
be an important adjunct to the meet- 
ing. Manufacturers from all the 
American Republics have been invited 
to exhibit. 

For further information on the Con- 
gress, inquiries may be addressed to 
the conference chairman, Mr. Ruperto 
Casanueva, Departamento Coopera- 
tivo Interamericano de Obras Sani- 
tarias, Tenderini 127, Santiago, Chile, 
or to the Inter-American Association 
of Sanitary Engineering, c/o Donald 
L. Snow, Acting Secretary, 2001 Con- 
necticut Avenue, N. W., Washington 
8; D. C. 
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BIOLOGICAL ASPECTS OF STREAM POLLUTION * 


By A. F. 


Senior Biologist, State Committee 


The entry of pollutants into a flow- 
ing stream sets off a progressive series 
of physical, chemical and_ biological 
events in the downstream waters. 
Their nature is governed by the char- 
acter and quantity of the polluting 
substance. Domestic or industrial ef- 
fluents may adversely affect natural 
stream life by direct toxic action or in- 
directly through quantitative’ altera- 
tions in the character of the water or 
the stream bed. These facts imply 
that the presence of polluting sub- 
stances produces physical, chemical 
and biological changes that may be 
recognized as dependable criteria of 
stream conditions. 

The value of physical and chemical 
data is recognized generally by those 
concerned with stream pollution and 
its control. Methods used in gathering 
these data are fairly well standardized 
and practiced. Biological procedures 
have not, as yet, attained an equal de- 
gree of refinement. In some ways this 
is surprising, for the complex interac- 
tions resulting from stream pollution 
are predominantly biological. The de- 
terminations of biochemical oxygen de- 
mand and dissolved oxygen are essen- 
tially for the purpose of finding out 
how much bacterial food is available 
and how the bacteria like their diet. 
Other applications of these data are 
well known. 

The biological phase of stream sani- 
tation is still an infant science, with 
many of its procedures, refinements 

* Presented at Twentieth Annual Conven- 


tion, Central States Sewage Works Assn.; 
Duluth, Minn.; June 20, 1947. 
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on Water Pollution, Madison, Wis. 


and applications still to be worked out. 
For this reason the following discus- 
sion is of a general nature and refers 
primarily to stream pollution result- 
ing from the introduction of raw or 
partly treated sewage. Industrial or 
toxic types of wastes are not consid- 
ered. Personal field observations and 
the publications of others have been 
drawn upon freely for interpretation. 

Biological aspects of stream pollu- 
tion will be considered in a general way 
from two separate but related points 
of view: (1) how pollutants change the 
character of the stream as a habitat 
for organisms, and (2) the action of 
organisms upon the pollutant and their 
related distribution. 

The fundamentals of stream biology 
may best be illustrated by reference 
to a fictional stream whose hypotheti- 
cal character may be molded with a 
free hand. This stream has a semi- 
solid bottom, medium gradient, aver- 
age width of about 75 feet, and depth 
of 6 feet. It flows through alternating 
wooded and cultivated areas. It is 
blessed, for our purpose, by having a 
single source of man-made pollution— 
the community of Windmill. Sewage 
is discharged directly to the stream. 

The stream water reaching this com- 
munity is not pure, for the word, as 
commonly used, is only relative. 
Drainage from the land already has 
added humus extracts, organic par- 
ticulate matter and inorganic salts 
leached from the soil. Drainage from 
cultivated land is rich in the elements 
that stimulate plant growth, and pas- 
ture lands contribute organic wastes 
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and intestinal bacteria. These contri- 


butions are sometimes called ‘‘natural’ 


? 


pollution.’ Whether the origin is na- 
tural or from a sewer outlet, the stimu- 
latory effect upon organisms is the same 
in principle. The recognizable result 
is that the unpolluted stream supports 
a variety of organisms as a normal 
biota. 


Effects of Pollution on Biological 
Environment 


The entry of pollutants changes in 
many ways the conditions under which 
stream organisms normally live. This 
discussion ean consider only a few, but 
there are changes in the stream bottom, 
in the physical and chemical properties 
of the water and in the competitive re- 
lations of organisms. 

Sewage is a complex mixture of 
many kinds of substances that have 
been discarded by man because, to 
him, they have no further value. The 
constituents are organic and inorganic, 
simple compounds and complex ones. 
The organic substances include ecarbo- 
hydrates, proteins and fats as well as 
their decomposition products. There 
are salts of various kinds including 
ammonium salts, nitrates and nitrites. 
Organic growth stimulators also are a 
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others suspended but capable of set- 
tling. It follows, then, that a recipient 
stream will have its waters affected by 
all fractions of the sewage while the 
stream bed is altered primarily by set- 
tling particulate matter. 

If the stream is represented graphi- 
cally (Figure 1) with mileage distances 
(or hours of flow) on the horizontal 
axis, the fictional community of Wind- 
mill is located at the zero level. Dis- 
tances upstream are to the left and 
downstream to the right. The inten- 
sity of varying environmental condi- 
tions is plotted along the vertical axis. 
Food for organisms—chemists eall this 
B.O.D.—is shown as curve F. The in- 
troduction of sewage tremendously aug- 
ments the normal supply and thus 
alters this environmental, factor. As 
the food supply is increased by pollu- 
tion, the bacterial population tends to 
increase in geometric proportion and 
draws upon the available food (Figure 
4). It is to be expected that the food 
supply will decline downstream and 
will eventually approach the pre-pollu- 
tional value. This is found to be a 
fact. 

All organisms require oxygen for the 
maintenance of life. When applied to 
food, it functions in releasing the life- 





















































part. Some of the sewage substances supporting energy that foods contain. 
are in solution, some colloidal and Man draws upon the atmospheric sup- 
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FIGURE 1.—Graphic representation of hypothetical polluted stream showing relationship 
of biotic food supply (F) and dissolved oxygen sag curve. 
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ply by breathing, while most aquatic 
organisms draw upon the oxygen dis- 
solved in water. Bacterial reduction 
of the pollutional food supply—desir- 
able and necessary as it may be—is not 
accomplished without cost. That cost 
is reduction in dissolved oxygen con- 
centration beyond the point required 
by desirable water animals. 

The normal oxygen value of clean 
water is shown as areas A, from this 
level to 40 per cent of saturation as B, 
lesser concentrations as C, and those 
increasing beyond 40 per cent of sat- 
uration as D. These areas also mark 
the arbitrary limits of stream zones 
based upon oxygen concentration. The 
descriptive names are clean water for 
A, degradation for B, active decompo- 
sition for C and recovery for D. 

If the pollutional load is fairly light 
or the dilution factor high, the sag 
eurve resembles the upper curved line 
with normal value reestablished at 58 
miles. This is accomplished by addi- 
tion of oxygen from the atmosphere 
and through the activity of green 
plants. Where the content of organic 
matter is sufficiently high, dissolved 
oxygen may be reduced to zero through 
the oxygen-absorbing efficiency of bac- 
teria. This is the ultimate in organic 
stream pollution and the circumstance 
upon which the following discussion 
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is based. This poorest of stream con- 
ditions will be discussed since condi- 
tions that are less severe are then read- 
ily apparent also. 

Ten miles below Windmill is the be- 
ginning of a 20-mile zone in which dis- 
solved oxygen is absent entirely. Here, 
the biotic demand for oxygen is greater 
than the supply provided by solution 
from the atmosphere. Bacteria and 
certain other organisms occupying this 
septic region are obliged to obtain the 
required oxygen from other sources. 
This they do by reducing oxygen- 
bearing compounds by anaerobic proc- 
esses. Such activity may result in de- 
pleting the supply of oxygen found 
chemically in nitrates and nitrites, and 
reduces sulfates to hydrogen sulfide 
with its offensive odor and toxic action. 
These are some of the causes for rising 
gas bubbles and sludge in the septic 
zone. The gases alone make living con- 
ditions here unattractive for most 
forms of life. 

Stream environment is further af- 
fected by the suspended semi-solids 
of sewage (Figure 2-A). These affect 
green free-floating stream life by 
immediately decreasing the transpar- 
ency of the water and blotting out the 
sunlight. Downstream from the sewer 
outlet the water is turbid and slightly 
brownish, becoming dark and murky 
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FIGURE 2.—Biotic habitat alterations resulting from stream pollution. 





(A) Physical 


changes in water resulting from entry of raw sewage at zero mileage level; (B) dissolved 


oxygen sag curve; and (C) accumulation of bottom sludge deposits and rising gas bubbles. 
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in the septic zone. As oxygen is added 
downstream by reaeration, the water 
eyadually clears and finally is tinged 
with green by suspended microscopic 
plants. 

Organisms that live m the stream 
bed are also affected by the suspended 
matters of sewage. These finally settle 
to the bottom (Figure 2-C) as a blanket 
of debris that effectively covers the 
normal habitat of clean water bottoin 
life. It is an inexhaustible source of 
food but will sustain only those organ- 
isms that can qualify for life in that 
habitat. They must be efficient in ob- 
taining oxygen, for conditions fre- 
quently are anaerobic. They must be 
able to burrow and ereep so as to stay 
on top of the steadily growing layer, 
or else must be indifferent to being 
covered over. They must resist the 
toxic action of hydrogen sulfide and 
other gases that may emanate continu- 
ously from the deeper sludge layers. 

Thus, it is seen that sewage alters 
the normal conditions of food supply, 
dissolved oxygen, turbidity, bottom 
surface, and chemical character of the 
stream and its bed. These are but a 
few of the environmental’ alterations 
that result from sewage _ pollution. 
They are sufficient to show that bio- 
logical changes are sure to follow. AI- 
teration in the competitive relations of 
stream life will be shown in subsequent 
discussion. 


Action of Organisms Upon the Pol- 
lutant and Their Related 
Distribution 


[t is apparent that most modern 
methods for the treatment of sewage 
depend, at some stage or another, upon 
the activities of living organisms. So 
much is this the case that all sorts 
of schemes have been devised for pam- 
pering the biotie associations and fos- 
tering their work. Biological competi- 
tion is removed in the wastage of 
activated sludge, and oxygen is sup- 
plied to excess. The trickling filter 
brings the organisms food and oxygen 
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and washes away their metabolic 
wastes and products. In the sludge 
digester, they are kept warm so their 
work proceeds properly and at a rapid 
pace. In the final analysis, the modern 
treatment plant is an artificial, tele- 
scoped, polluted stream with the zone 
of degradation at the primary tank 
and the recovery zone in the final efflu- 
ent. The high efficiencies obtained are 
related entirely to these artificial stim- 
ulatory conditions, for the fundamen- 
tal biological processes are the same 
as in the less efficient stream. 

It has been shown that sewage is 
food, stimulation and _ habitat for 
simple forms of life, and that reduc- 
tion in the organic stream load is ac- 
companied by a corresponding extrac- 
tion of oxygen. It is not the intent 
of this discussion, nor within the abil- 
ity of the writer, to give in detail the 
precise bacterial activities involved in 
this accomplishment. At the same 
time, the basic information is impor- 
tant and needs cousideration. 

The millions of bacteria in sewage- 
laden waters are of a variety of kinds 
and have a variety of abilities. Some 
of these are normal inhabitants of both 
clean and foul water. The presence of 
sewage stimulates their population in- 
crease (Figure 4). Others find their 
way into the stream in tremendous 
numbers as normal inhabitants of sew- 
age. Some bacteria are able to multi- 
ply in the stream, while others such as 
B. coli and disease producers appear to 
die off gradually downstream. They 
may starve to death, be eaten by preda- 
tors, be killed by high acidity, or dis. 
appear in still other unknown ways. 
In any event, the population peak is 
in the near downstream vicinity of the 
pollutional source. 

Some bacteria can act upon a given 
organic compound, derive energy and 
growth material from it, and leave an 
altered residue that serves a different 
bacterial species or other organism in 
the same manner. In this way, chains 
of progressive actions are set in motion 





that result eventually in the transform- 
ation of sewage to simpler, innocuous 
substances. Some of these are carbon- 
dioxide and water from carbohydrates 
and fats, and salts of phosphorus, sul- 
fur and nitrogen from protein. Evi- 
dence of this mineralizing process is 
found in the progressive quantity shift 
from organic nitrogen, to ammonia, to 
nitrites and finally to nitrates as the 
water proceeds downstream. 

As bacteria grow and multiply, se- 
lected constituents of the sewage are 
incorporated into their living sub- 
stance. The ability to do this dis- 
tinguishes all nonliving from living 
matter. It is an important ability, for 
in its practice a part of the sewage is 
set aside momentarily for action at a 
later time. On this account, bacteria 
sometimes are called concentrators of 
the pollutional load. 

These activities of bacteria proceed 
in all parts of the stream. They are 
distributed throughout the water and 
are mixed into and over the bottom 
deposits. Under conditions of intense 
pollution, dissolved oxygen eventually 
is depleted in the flowing stream. Such 
depletion is more frequent and wide- 
spread in the bottom sludge. When 
this condition prevails, as from the 10 
to 30-mile levels in the illustrative 
stream, bacterial action becomes of a 
different sort. In this septic region 
bacteria that are able to do so, act 
upon oxygen-bearing compounds in 
such a manner that oxygen from out- 
side sources is not required. These 
bacteria are commonly called anaer- 
obes. Their actions are to be pre- 
vented, if possible, for their products 
are various acids and such gases as 
ammonia, methane and hydrogen sul- 
fide. Living conditions here are suit- 
able only for organisms unaffected by 
these products and indifferent to oxy- 
gen supply. 

Biological action in the stream con- 
tinually decreases the’ food supply so 
that at 50 to 60 miles the concentration 
approximates the upstream values. 
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Bacteria decrease in much the same 
pattern so that normal populations are 
attained at about the same level. 

In addition to bacteria, unpolluted 
streams support a variety of other 
kinds of organisms. Those forms that 
produce their required food from min- 
erals, carbon dioxide and water are 
members of the plant kingdom. Ani- 
mals are those that require a supply 
of food already prepared. (Bacteria 
and molds resemble animals in their 
food habits, but are classed as plants 
that lack the ability to make food. 
Organisms may be classified further 
by their position in the stream. Those 
that are small, suspended in the water 
and swept along with the current, are 
called the plankton. Plankters may be 
either plant or animal. Organisms 
that are attached to, lie upon, creep 
over or burrow into the stream bed are 
called the benthos. As has been stated, 
the bacteria occupy all of these posi- 
tions. Large animals such as fish, 
frogs and turtles are not considered in 
this classification scheme. 

Clean waters support a wide va- 
riety of organisms consisting of plant 
and animal plankton as well as benthic 
organisms. They are exacting in their 
habitat requirements and are affected 
by any interfering alterations. Nor- 
mal changes in temperature, light, dis- 
solved oxygen and food supply tend 
to result in shifts in the population 
picture. These, however, are rarely 
great, for predation, death and growth 
moderate the changing tendency and 
keep the biotie society in balance. In 
this society are organisms ordinarily 
associated with clean stream condi- 
tions. Some of these are game fishes 
such as trout, bass, blue-gills and pike, 
and smaller animals such as mussels, 
crayfish~snails and the larvae of cad- 
disflys;;/stoneflies and dragon and 
damselflies. Shrimplike scuds may 
be present, swimming about on their 
sides or climbing over vegetation. A 
complete list of these organisms would 
be a long one. 
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In such a list of inhabitants would 
be the names of some organisms that 
are just holding their own, never 
building an appreciable population. 
Competition is too keen, food supply 
and the habitat not quite 
suitable. Some of these would fare 
better in the polluted portions of the 
stream. 


too low, 


Significance of Biological Population 


The remainder of this discussion is 
based upon the principle that organ- 
isms differ, not only in appearance, 
but also in their power of response to 
conditions of the environment. If all 
moderating factors for a given organ- 
ism are removed, the organism will 
thrive and produce tremendous num- 
bers. On the other hand, if environ- 
mental factors are inhibitory, numbers 
will be small or totally absent. A set 
of conditions that are ideal for one 
organism may be lethal for another. 

If changing conditions, such as pol- 
lution, are unfavorable, organisms 
must resist these changes, migrate or 
be destroyed. But, if conditions are 
favorable for certain organisms, these 
will thrive and build high populations. 
For this reason, 
It offers clues to 


highly significant. 
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isms found in zones of pollution is 
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the intensity of pollution and the de- 
gree of recovery. 

Let it be supposed that the clean 
waters of the illustrative stream will 
provide suitable living quarters for a 
hundred different kinds of organisms, 
—a balanced society of plant and ani- 
mal species (Figure 3-A). With the 
entry of sewage, the variety decreases 
rapidly. Of these 100 species up- 
stream the majority find conditions for 
life unsuitable in the zones of pollu- 
tion. It is only downstream in the 
recovery zone where biotic variety 
makes a gain. 

Strange as it may seem, these few 
species in the pollutional zones find 
conditions quite suitable. Here they 
thrive in the absence of competition 
and with a high food supply. They 
are the ones that are intimately con- 
cerned with stream recovery. They 
may be called pollutional organisms. 

If the biotic population be differenti- 
ated into clean water and pollutional 
organisms (Figure 3-B), their distribu- 
tion may be contrasted. Bacteria are 
excluded from this graph. Clean wa- 
ter population drops abruptly to zero 
with the introduction of sewage. The 
population increases downstream with 
the variety increase. Pollutional popu- 
lation is low in clean water, but re- 
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FIGURE 3.—Responses of bottom organisms to entry of raw sewage at zero mileage 


level. 
tional” bottom forms. 


(A) Variety. distribution; (B) population alterations of “clean water” and “pollu- 
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sponse is quick in the presence of 
_wastes. Even these organisms decline 
in the true septic zone where only the 
anaerobes can live. The population 
peak will occur near the 45-mile level 
where food is abundant and oxygen 
again sufficient for the biotic needs. 
In the absence of a septic zone, both 
population peaks would roughly coin- 
cide. This condition will apply also in 
the following graphs. Population drop 
from the 45-mile point reflects ap- 
proaching exhaustion of the food 
supply. 


Pollutional Organisms and Their 
Functions 


Swimming about among the bacteria 
and creeping over the bottom sludge 
are minute animals composed of a 
single structural unit or cell. Some 
of these are able to utilize complex dis- 
solved and particulate organic sub- 
stances and in this way parallel the 
action of bacteria. Their prime func- 
tion, however, is a more important one. 
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They drive the bacteria and keep them 
at work. This is accomplished by the 
simple expedient of voraciously eating 
the bacteria so that they must repro- 
duce to maintain their numbers. Since 
growth is a prelude to reproduction, 
biochemical oxidation proceeds at a 
feverish pace. 

The bacteria-eaters are mainly those 
protozoans equipped with~ cilia which 
they use for swimming and food gath- 
ering. They move about continuously, 
lashing the water with their cilia and 
setting up currents that sweep bacteria 
into the gullet. This practice is car- 
ried out wherever bacteria occur. Fol- 
lowing due process of ciliate digestion, 
the bacterial substance is now proto- 
zoan substance. The presence of bac- 
teria and organic supplies results in 
a population peak below the bacterial 
peak as well as one above the septic 
zone (Figure 4). 

3ut, for these protozoans all is not 
sublime—they too have enemies. As 
they are swept downstream or flutter 
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FIGURE 4.—Linear alterations in populations of bacteria, ciliate protozoans, 
and crustaceans. 
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over the mud, they finally fall vietim 
to rotifers, water fleas and related 
crustaceans that select them for va- 
riety in their diet of bacteria and 
small algae. The peak crustacean pop- 
ulation is at the 58-mile point (Figure 
4). And so it goes, the larger eating 
the smaller until the food progression 
leads to mussels, crayfish, small fish and 
large fish. 

Mainly restricted to the bottom is 
another array of biotic forms. These 
are perhaps the most dependable indi- 
cators of stream condition. Ordinar- 
ily, the pollutional bottom is a confu- 
sion of biological activity—each mem- 
ber of the assemblage going about his 
own business of gathering food and 
reproducing. To them, stream recov- 
ery is merely incidental. The distribu- 
tion of species is governed by the 
stringency of habitat conditions. 

Rat-tail maggots (Figure 5-A) are 
a sign of extremely poor conditions. 
Thus ugly larva of the drone-fly (Hris- 
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talis tenax) lies buried in the mud 
with the tail extended to the surface 
for air. For this reason, dissolved 
oxygen is not a consideration and it 
may penetrate into the septic zone. 

Next in line come the sludge-worms 
(Tubificidae) (Figure 5-B), reddish 
in color, 14 inch to 11% inch in length. 
They burrow in the mud where organic 
content is high. They excavate in the 
upper layers of the sludge, passing 
large quantities through the intestinal 
tract and straining out the food. 
With the posterior part of the body 
projecting into the water, the worms 
cast rejected parts of the sludge on 
the surface in the form of fecal pellets. 
The work accomplished in this manner 
is tremendous. The sludge is worked 
over, perforated and its organic con- 
tent reduced. 

Frequently these worms are so nu- 
merous that the stream bed appears 
as a red undulating sheet. They oc- 
cupy the zones of degradation, active 





FIGURE 5.—Bottom organisms found in zones of pollution. (A) Rat-tail maggot 
(Eristalis tenax); (B) Sludge-worm (Tubifex sp.); (C) Blood-worm (Chironomus sp.); 
and (D) Sow-bug (Asellus communis). Approximately natural size. 
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decomposition and the upper part of 
the recovery zone. They are absent 
from the septic region. 

Blood-worms (Chironomus sp.) also 
are burrowers in the mud. These are 
red, jointed, worm-like animals (Fig- 
ure 5-C) that eventually transform to 
midge-flies. In this larval stage, they 
occupy burrow-like tubes constructed 
of sludge stuck together with an ad- 
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FIGURE 6.—Linear alterations in populations of sludge-worms (A), blood-worms (B), 
and sow-bugs (C). 


hesive substance. Empty tubes are 
common and may occur in heaps. Their 
food habits are similar to the sludge 
worms, but they are more exacting in 
their habitat requirements. For this 
reason they reach their peak in the 
recovery zone. 

At this point, also, the sow-bug or 
water-log-louse (Asellus communis) 
makes its first appearance. They are 





FIGURE 7.—Sewage mold (Sphaerotilus natans) attached to sticks, stones and 
vegetation and waving in the current. 
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FIGURE 8.—Linear alterations in populations of sewage molds and plankton algae. 


flattened, greyish animals about 14-in. 
long (Figure 5-D), related to the scuds 
found in clean water. They are pro- 
vided with jointed appendages, of 
which six pairs are modified as legs. 
They crawl about on the bottom, under 
stones, or climb among water weeds. 
They do not move by swimming. 

Sow-bugs are omnivorous in their 
feeding habits but seem to prefer dead 
and decaying vegetable matter. Their 
oxygen requirements apparently are 
greater than those of sludge-worms 
or blood-worms. They are common in 
the recovery zone where dissolved oxy- 
gen in the supernatant water exceeds 
40 per cent of saturation. They indi- 
eate improving conditions. 

If the distribution of sludge-worms, 
blood-worms and sow-bugs are plotted 
together, their population peaks occur 
in the succession shown in Figure 6. 

In addition to bacteria, other plants 
also are involved in stream recovery. 
Sewage molds and filamentous bacteria 
may be seen attached to sticks, stones 
and vegetation, waving gracefully in 
the current (Figure 7). They fune- 
tion with the bacteria in biochemical 
oxidation. They are whitish gray, 
becoming tinged with yellow, red or 
brown when old. In the zone of degra- 
dation, growth is widespread and lux- 
uriant. It persists to the septic region 
and reappears feebly with oxygen 


restoration. Its presence is a reliable 
index of intense pollution—especially 
by carbohydrates. 

The distribution of plankton algae, 
as a group, is in contrast to the sew- 
age molds (Figure 8). The clean wa- 
ter population is reduced rapidly in 
the degradation zone where turbidity 
is high. They may be very sparse or 
absent throughout the septic region 
and then increase to a new high under 
the stimulatory influence of phosphor- 
ous and nitrogen compounds oxidized 
from sewage sources. 

In the pollutional zones benthic 
algae may occur as a dark film over the 
bottom or as a bright green scum along 
the banks and in quiet spots. Most 
of these are filamentous, although some 
may be single-celled and able to swim. 
Some, at least, absorb certain organic 
solutions from the water. Valuable as 
this may be, the algae are more valu- 
able for the oxygen they add to the 
water in the process of making food. 
They are instrumental in drawing up 
the lower end of the sag curve. They 
supply oxygen for the biochemical de 
mand and speed the recovery process. 


Summary 


Living organisms are affected by the 
conditions of stream pollution. Their 
distribution is altered and may be 
used to complete the pollutional pic- 











ture obtained by the usual testing pro- 
cedures. Their activities contribute 
tremenduously to stream recovery by 
using pollutants as a source of energy 
and growth material. Some eat bac- 
teria and thus accelerate their bio- 
chemical activities. Green organisms 
supply oxygen so greatly needed for 
B.O.D. satisfaction and sag curve ele- 
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vation. Metabolic wastes, products 
and dead bodies are passed back to 
the stream as an altered link of a con- 
tinuous chain. Biological efficiency in 
the stream falls far short of that in 
the treatment plant. A good treatment 
plant at Windmill would confine these 
activities and restore utility to the 
running stream. 


SEWAGE TREATMENT IN NEW MEXICO 


Sewage treatment practice in New 
Mexico is hardly typical of most other 
states, according to Charles G. Cald- 
well, Director of the Division of Sani- 
tary Engineering, New Mexico De- 
partment of Public Health. In a 
paper given at the 1947 Annual Meet- 
ing of the Rocky Mountain Sewage 
Works Association, Mr. Caldwell 
pointed out that sparsity of popula- 
tion and climatic conditions in New 
Mexico create unusual problems, but 
also permit some practices that might 
not be allowable elsewhere. 

There are only 63 incorporated areas 
in the state, of which only 5 cities have 
populations over 10,000 and 17 have 
populations between 2,500 and 10,000. 
These 63 municipalities in 1946 had a 
total population of 212,000, and they 
constitute the potential for the state 
in municipal sewage treatment. The 
population density in New Mexico is 
slightly under 4.4 persons per square 
mile. 

Fifty of the 63 municipalities are 
served by sewer systems, and 46 by 
sewage treatment plants. Primary 
treatment is by Imhoff tanks in 20 
plants, by septic tanks in 19 plants, 


and by separate sludge digestion in 7 
plants. Secondary treatment is by 
contact beds in two plants and by 
trickling filters in fifteen. Effluent 
disposal in 16 cases is by discharge on 
land or to lagoons, in 10 eases by dis- 
charge to dry arroyos, and in only 22 
cases by discharge to streams. 

Most of the sewage treatment plants 
are in that part of the state where the 
climate is hot and dry. Artificial 
heat is usually not required at separate 
digesters, and the natural dry, sandy 
soil frequently suffices for sludge dry- 
ing beds, without underdrainage. 
Waste land is plentiful and cheap, 
making it possible to isolate plants and 
to provide ample areas for screenings 
and grit burial and for sludge and 
effluent lagoons. Flat terrain and lack 
of streams often require the lagooning 
of effluents. 

Because of the hot climate, biologi- 
eal activity is at a high rate, giving 
rise to hydrogen sulfide production in 
sewers, and to heavy trickling filter 
erowths. Filter flies are a_ serious 
operating problem. Chlorination has 
been found effective in controlling 
these difficulties. 
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PAINT IS A VERSATILE TOOL 


Paint is remarkable stuff! Ever 
since our ancestors of 50,000 years ago 
rudely splashed the dark interiors of 
their caves with erude pictorial ree- 
ords, paint has served mankind in 
many and varied ways. 

Perhaps man’s long climb up the 
ladder of civilization could be charted 
as well in the improved ways he learned 
to make paint as by his increasing 
ability to express himself by the use 
of paint. The crude mixtures of 
ground clays and juices of roots and 
berries contrast strikingly with the 
scientific and precisely compounded 
paint mixtures and dispersions in com- 
mon use today. Crude or complex as 
the case may be, paint has served man 
well. It was his first and remains his 
greatest tool of spiritual self-expres- 
sion. It helped to set him apart from 
the animals. 

Paint has also made its utilitarian 
contribution to man, and it is this char- 
acteristic which has made paint such 
a valuable aid in sewage works opera- 
tion. In innumerable ways paint has 
aided plant operation and increased 
maintenance efficiency. To most sew- 
age works men paint is primarily a 
cover and a protection, applied to con- 
ceal the earmarks of use and time and 
to protect against the effects of wear, 
weather, and corrosion. This is as it 
should be, but paint can do far more 
than cover and protect. 

Paint can identify. When this prac- 
tical characteristic is efficiently utilized 
mazes of small-pipe layouts become in- 
telligible to both operator and visitor. 
Dangerous areas can be made literally 
to shout their warning. Protruding 
ledges, low overhead pipes and beams, 


unexpected steps or curbings will draw 
deserved attention when spotlighted 
by a bright contrasting color. 

Paint can beautify. Beauty is not 
often associated with sewage works but 
the tasteful use of colorful paints can 
contribute much to the attractiveness 
of any plant. No building, structure, 
or equipment is too old or too shabby 
to be made more attractive by intelli- 
gent painting. Many beauty spots of 
form, contour, or texture now hidden, 
could be revealed by the magic touch of 
the proper paint. The cheerfulness 
and lift in a colorful paint job are 
proven protection against monotony 
and gloom. Paint, teamed with light, 
can provide a daily tonic of consider- 
able value. 

Paint can reveal. As a mirror of an 
operator’s personality it has few 
equals. A half-hour’s observation of 
a man on the business-end of a paint 
brush will reveal more than many of 
the so-called psychological yardsticks. 
And a eareful noting of the use of 
paint—or lack of it—at a sewage 
works may tell more about plant op- 
eration than an examination of volu- 
minous operating records. Each man 
paints his portrait as he paints his 
plant! 

There is more to painting than the 
spreading of diluted pigment on a sur- 
face. Intelligent selection of a suit- 
able paint and a working knowledge 
of modern paint properties and meth- 
ods are essential if a paint job is to 
serve all of its purposes and return 
solid dividends on the money and ef- 
fort invested. 

S. C. M. 
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By N. S. CHAMBERLIN | 


Sanitary Chemist, Technical Service Division, Engineering Department, 
Wallace & Tiernan Co., Inc., Newark, N. J. 


Many papers have been written on 
the chlorination of sewage, and quite 
often under this same general heading. 
All have agreed that the primary use 
of chlorine in sewage treatment is for 
disinfection. Most have mentioned 
several other uses of chlorine. Few 
have emphasized, under a single head- 
ing, these other uses of chlorine to any 
level of practicability. In an opera- 
tional paper such as is intended here, 
the latter is essential. Almost every 
chlorine use in a treatment plant, other 
than disinfection, is for the purpose of 
solving some particular problem con- 
fronting the superintendent or oper- 
ator. 

An admirable basis for a classifica- 
tion of the uses of chlorine in sewage 
treatment is found in a recent article 
by Enslow and Symons (1). They 
state that by definition there are only 
three processes of sewage treatment, 
namely, primary treatment, secondary 
treatment, and disinfection. Sludge 
disposal is merely a byproduct process. 

To apply chlorine to this classifica- 
tion is a simple matter. Chlorine in 
sewage treatment for disinfection 
stands alone. Most of the other uses 
of chlorine in sewage treatment deal 
with its application for solving troubles 
with, or benefiting, the other two 
processes. From an operational view- 
point;it is with these processes, and the 
use \of\ ‘any chemical as an adjunct 
theréto, that the superintendent and 
operator are fundamentally and vitally 
concerned. 


Development of the Use of Chlorine 

The growth of chlorination in sew- 
age treatment is contained in a 1946 

* Presented at the 21st Annual Meeting, 
Pennsylvania Sewage and Industrial Wastes 
Association; State College, Pa.; August 25- 
27, 1947. 





survey (2) of sewage plants. Of a 
total of some 5,400 sewage plants, 1,320 
were found to be using chlorine for 
one purpose or another. This repre- 
sents a 30 per cent increase in the 
number of plants using chlorination 
in the last eight years. This growth 
can be attributed, to a large extent, 
to the use of chlorine for disinfection 
in the slightly more than 1,000 sewage 
plants built during the war period. 
This growth is also due, without doubt, 
to the continued expansion in the use 
of chlorine as an adjunct of primary 
and secondary treatment. Odor con- 
trol uses are among the most signifi- 
cant. 


Of 297 sewage plants in Pennsyl- 
vania, 139 were found to be using chlo- 
rine. Pennsylvania has the same num- 
ber as New Jersey, and both are ex- 
ceeded only by New York state, with 
172 plants using chlorine. In the per- 
centage of plants using chlorine, Penn- 
sylvania with 46.5 per cent ranks 
fourth, being exceeded only by New 
York with 52 per cent, Louisiana with 
51.8 per cent, and New Jersey with 
51.1 per cent. 


Chlorine for Disinfection 
History 


Chlorine was first used for the disin- 
fection of sewage at Hamburg, Ger- 
many, in 1893. The first recorded use 
of chlorine for this purpose in the 
United States was a year later, at 
Brewster, N. Y., where A. E. Woolf 
obtained chlorine in the form of sodi- 
um hypochlorite by electrolyzing a 
strong brine solution. This hypochlo- 
rite was applied to the sewage for dis- 
infection purposes to protect the Cro- 
ton Reservoir water supply of New 
York City. 
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In 1906 and 1907, Phelps, with the 
aid of others, studied the use of chlo- 
rine for the disinfection of sewage at 
Boston, Baltimore, and Red Bank. 
The use of chlorinated lime at the lat- 
ter plant, by Phelps and Daniels, 
marked the real beginning of chlorina- 
tion for sewage disinfection in the 
United States. 

After liquid chlorine came into use 
in 1914 for the disinfection of sewage 
at Altoona and Milwaukee, its use at 
other plants followed in rapid order. 
Soon the United States obtained a 
lead never relinquished. Today, more 
plants in the United States use chlo- 
rine for sewage disinfection, or for that 
matter for any other purpose, than 
anywhere else in the world. 

In the fewest possible words, the 
purpose of chlorination for sewage dis- 
infection is to prevent bacterial con- 
tamination of (1) streams or other re- 
ceiving bodies of water used for pub- 
lie water supplies, (2) the shell-fish 
industry, and (8) recreational areas 
such as those used for bathing. 
Application Points 

From an operational standpoint, it 
is important to mention that Tiedeman 
and Enslow established that: when a 
high degree of disinfection (effective 
disinfection) was needed, it was neces- 
sary to maintain a slight chlorine re- 
sidual after a contact or detention 
period. 

If primary treatment is the only 
treatment process at the sewage plant, 
the proper detention period for disin- 
fection can best be afforded by pre- 
chlorination ahead of the settling 
basin. Oceasionally, postchlorination 
of the settling basin effluent ahead of 
a long outfall sewer will afford the 
proper contact time. 

If secondary treatment is used at the 
sewage plant, the proper detention pe- 
riod can be obtained by postchlorina- 
tion ahead of the final settling basin, 
ahead of a chlorine contact chamber, or 
ahead of a long outfall sewer. 
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Residual Requirements 


As a rule, the amount of chlorine 
residual that must be present in the 
sewage after a given contact period in 
any of the treatment units men- 
tioned above depends upon the local 
state health department requirements. 
Whatever the regulations, the superin- 
tendent or operator should be aware of 


them and see that they are followed 
as rigidly as is practically possible. 


State board of health requirements ap- 
pear to cover the range of 0.2 p.p.m. 
chlorine residual after a 5-min. contact 
period to 1.0 p.p.m. chlorine residual 
after a 30-min. contact period. On the 
average this requirement is not far 
from a 0.50 p.p.m. chlorine residual 
after a 15-min. contact period. 


Dosage Requirements 


The amount of chlorine required for 
sewage disinfection will depend upon 
several factors, including the state 
health department requirements. Com- 
plianee with a certain chlorine residual 
after a given contact period is merely 
satisfaction of the chlorine demand of 
the sewage. The one important factor, 
therefore, is the chlorine demand of 
the particular raw or treated sewage to 
be disinfected. For raw sewage the 
amount df chlorine required for disin- 
fection usually varies from 10 to 20 
p.p.m. For highly septic raw sewages 
this figure ean be as much as 40 p.p.m. 
The chlorine requirements for disinfec- 
tion of secondary treatment effluents 
vary from 6 to 12 p.p.m. for trickling 
filters, 3 to 6 p.p.m. for sand filters, 
and 2 to 4 p.p.m. for activated sludge 
plant effluents. 

During sewage disinfection studies 
at Buffalo, Symons, Terhoeven, and 
Torrey (4) found that the chlorine re- 
quired for adequate disinfection of a 
raw domestic sewage was 0.005 Ib. of 
chlorine per capita per day. At one 
Pennsylvania sewage plant employing 
prechlorination ahead of settling for 
disinfection and receiving a_ fresh, 
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strictly domestic sewage, the figure was 
0.006 Ib. of chlorine per capita per day. 
When industrial wastes are present the 
figure will be higher. In actual plant 
operation at Buffalo, the figure, as a 
result of industrial wastes in the sew- 
age, increased to 0.010 Ib. of chlorine 
per capita per day. Whether indus- 
trial wastes are present or not, these 
figures may in time prove to be a reli- 
able estimation of the chlorine require- 
ments for disinfection. 


Dosage Control 


Control of chlorination for disinfec- 
tion consists usually of checking chlo- 
rine residuals with the ortho-tolidine 
or the thiosulfate starch-iodide test, 
and then resetting the manually con- 
trolled chlorinator when indicated. 
Automatic solution feed type chlorin- 
ators are used to a limited degree in 
sewage treatment. The latest develop- 
ment, and one more applicable in all 
respects, consists of a program chlorin- 
ator which permits the application of 
chlorine to more nearly conform with 
the changing total chlorine require- 
ments caused by changes in volume and 
chlorine demand. The program ar- 
rangement permits adjusting the chlo- 
rine applications each hour. 

The number of residual determina- 
tions and resettings of a manual chlo- 
rinator required daily depends upon 
the size of the sewage plant. In the 
large plants where economy is an item, 
accurate control is essential. Whatever 
the frequency of control tests and 
ehlorinator adjustments may be, they 
must be adequate to maintain not less 
than the required chlorine residual at 
all times. 

At small plants proper control may 
be provided by determining the chlo- 
rine residual once a day, at the time 
when the maximum chlorine require- 
ments may be expected, and then reset- 
ting the chlorinator as the test indi- 
cates. If the chlorinator is reset, an- 
other chlorine residual should be taken 
after the proper lapse of contact time. 
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Both chlorine residuals, not just the 
last, should be reported on the daily 
log. Based on experience, it is advis- 
able to have two regular ehlorinator 
settings—one for the day flow and one 
for the night flow. 

At larger plants the chlorine residu- 
als should be taken every hour or every 
two hours during the daytime. Chlo- 
rinator resettings should be made fre- 
quently. A curve showing poundage of 
chlorine per unit volume of sewage 
flow versus time for the daytime hours 
for each day of the week is of inestim- 
able value in arriving at the proper 
chlorinator settings throughout the 
day. Often a set of figures in lieu 
of the curve serves equally well, for 
then it is an easy matter to readjust 
the figures for use during the following 
week. 

This practice was adopted at one 
Pennsylvania sewage plant. Prior to 
the use of daily chlorine poundage 
cards, 10 per cent of all of the chlorine 
residuals taken hourly between 8 :00 
A.M. and 5.00 P.M. were zero. After the 
card system was put into effect, only 4 
per cent of the chlorine residuals taken 
hourly were zero. 

At the largest plants where the per- 
sonnel is adequate and well equipped 
laboratories are available, the control 
of chlorination is considerably more 
accurate. For example, at both Buffalo 
and Los Angeles close cheeks on the 
chlorine dosages are maintained by tak- 
ing hourly chlorine demand tests. 


Chlorine as Adjunct to Primary 
Treatment 


Odor. Control 


Odors were a problem in sewers and 
receiving streams long before they were 
ever thought of as a problem at sewage 
treatment plants. In 1777 sewer gases 
in Paris caused several deaths. In 
1806, some 29 years later, a committee 
came to the conclusion that these deaths 
had been due to hydrogen sulfide. 
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Several decades later, the Royal 
Sewage Commission of Great Britain 
recommended that the London sewage 
be chlorinated for odor control by using 
bleaching powder. Dibden put this 
recommendation into effect in 1884. 
Thus, by this event chlorine compounds 
came to be used for odor control be- 
fore they were used on a _ practical 
basis for disinfection. 

In 1912, Ellms and Waring of Ohio 
tried chlorinated lime for odor control 
on a septic tank in Cincinnati. Cleve- 
land became one of the first cities to 
chlorinate sewage in an outfall sewer 
for the purpose of controlling odors. 
With the advent of the Imhoff tank 
the use of chlorine for odor control re- 
ceived considerable impetus. By 1930 
(6), 50 plants in the United States 
were listed as using chlorine for odor 
control. Since then, the number of 
plants using chlorine for this purpose 
has expanded rapidly. 

In this country the control of odors 
today is usually the number one prob- 
lem of sewage works superintendents 
and operators. There are odors at 
every plant but the degree of their in- 
trusiveness and obnoxiousness varies 
widely. The problem has been more 
acute in recent years with the tendency 
to situate sewage plants nearer cities 
and towns and along the main arteries 
of travel. An example of this is the 
location of a sewage plant on Long 
Island. There, 30 cottages are located 
within 1 to 25 ft. of the plant site. As 
the sewage plants become more criti- 
cally located, the number of odor com- 
plaints is bound to inerease. It is the 
responsibility of the superintendents 
and operators to satisfy all legitimate 
complaints and develop good will. 
Lawsuits are costly. 

The purpose of odor control is to 
prevent odors from forming or reduce 
those already present below a level ob- 
jectionable to the population. Many 
compounds in sewage, including such 
derivatives as indole and skatole, cause 
odors at sewage plants. By far the 
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most serious odors are those of hydro- 
gen sulfide. It has been said that one 
ean detect hydrogen sulfide in air in 
concentrations as low as 0.000001 
p.p.m., but experience has amply shown 
that 0.8 to 1.0 p.p.m. can be present in 
sewage settling basins without causing 
complaints. 

From an operational standpoint, it 
is important to mention that Heukele- 
kian (7) showed the chlorine applica- 
tion for effective odor control to be 
definitely related to the chlorine de- 
mand of the sewage and the degree of 
hydrogen sulfide production. The au- 
thor found that a minimum of 20 to 
25 per cent of the chlorine demand of 
the sewage should be satisfied in order 
to keep the sulfide content below 1.0 
p.p.m. for a reasonable period. In 
practice it has been necessary, in some 
instances, to satisfy as much as 50 
per cent, or slightly more, of the chlo- 
rine demand to obtain effective odor 
control. Hydrogen sulfide theoreti- 


eally takes 2.22 p.p.m. of chlorine for 


each p.p.m. of sulfide. In practice, 3 
to 15 p.p.m. of chlorine has been found 
necessary for the destruction of each 
p.p.m. of sulfide due to the immediate 
demand of other compounds in the sew- 
age for the chlorine. 

A recent and. rather comprehensive 
article (8) on the subject of hydrogen 
sulfide formation is mentioned because 
it has a direct bearing on the opera- 
tional angle of odor control. It ap- 
pears that hydrogen sulfide formation 
is not particularly dependent upon the 
age of the sewage or the sulfate con- 
centration of the sewage. Hydrogen 
sulfide production increases with in- 
creasing temperature, with increasing 
strength of the sewage, with decreasing 
pH of the sewage, and with decreas- 
ing velocity of flow. It is important 
to note in this instance that the hy- 
drogen sulfide came from the slimes 
on submerged surfaces of the sewers 
and from deposited sludges in the sew- 
ers. On this hypothesis, odor control 
becomes a question of slime control. 








If odors are present in the sewage 
on its arrival at the sewage plant, the 
sewage should be chlorinated, if at all 
possible, at a distant pumping station, 
trunk sewer, or intercepter. At some 
plants it is structurally possible to 
chlorinate only at the plant, as pre- 
chlorination ahead of settling. 

The importance of up-sewer chlorina- 
tion cannot be overemphasized. Up- 
sewer treatment has the advantage of 
preventing sewer deterioration due to 
sulfurie acid formation. Disintegra- 
tion of concrete conduits and mortar 
joints can prove costly. Considering 
odor control as slime control, the ad- 
vantage of up-sewer chlorination be- 
comes obvious. Besides any other con- 
sideration that might be given to the 
sewers, up-sewer chlorination is pref- 
erable to prechlorination at a plant 
receiving sewage with hydrogen sulfide 
odors. Prevention is more economical 
than removal. 

If the sewage is rather fresh on ar- 
rival at the plant and it is definitely 
established that the odors are being 
produced in the primary treatment 
units, Imhoff tanks being a recognized 
offender, then prechlorination at the 
plant as prevention control should be 
practiced. In such cases it is advis- 
able to apply the chlorine, if practical, 
ahead of the screens or the grit cham- 
ber to obtain overall odor control in 
the primary units. 

Chlorine for odor control is usually 
fed seasonally or continuously, depend- 
ing upon local conditions. Control is 
obtained by applying enough chlorine 
to satisfy 25 to 50 per cent of the chlo- 
rine demand. This means 25 to 50 per 
cent of the amount of chlorine required 
for sewage disinfection. For preven- 
tion control, less chlorine will be re- 
quired than for removal control be- 
cause the latter is often coincident with 
a highly septic sewage. 

When up-sewer chlorination for odor 
control is to be considered as slime con- 
trol, it may be advisable to destroy the 
sulfides completely. Under such cir- 
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cumstances the chlorine requirements 
will be the 3 to 15 p.p.m. of chlorine 
for each p.p.m. of sulfide, as stated 
above. However, the chlorine needed 
will be less than that required to 
satisfy the chlorine demand. 

The control of the amount of chlo- 
rine that must be used for effective 
odor control is more difficult than the 
control of sewage disinfection due to 
the fact that there is no chlorine resi- 
dual to chlorinate to. The actual 
amount of chlorine that has to be used 
can be determined satisfactorily at 
plants having well-equipped laborator- 
ies by making frequent or occasional 
sulfide tests. Such tests show if the sul- 
fide is being held below the maximum 
allowable limit of 0.8 to 1.0 ppm. <A 
modified methylene blue test (9) has 
been successfully used for the control 
of odor. Lacking either test, and this 
is commonly the practice in the small 
plants as well as many larger ones, the 
number of complaints received is the 
criterion of adequate control. 

This brings to mind the story (10) 
of Homer Fisher at Benton, Illinois. 
He keeps grimmacing into a mirror. 
He has several silver fillings in his 
teeth. When the fillings turn black, he 
then knows it is time to start prechlo- 
rination for odor control. This brings 
to attention an important fact. Odor 
control regulated by smell alone is 
an unsatisfactory method of control. 
The nose soon becomes insensitive to 
the continued presence of hydrogen 
sulfide. 

Effective odor control can also be 
obtained by the use of iron salts made 
by treating scrap iron with chlorine. 
It is an economical method, particularly 
when the sulfide content of the sew- 
age is extremely high or when a highly 
septic sewage is encountered. Mix- 
tures of ferrous and ferric iron are re- 
ported to be more effective than either 
alone. They appear to be most effec- 
tive when the solution contains about 
two-thirds ferric iron salts. 
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Plant Overload 


Overload may be due to exceeding 
the designed capacity of the plant, to 
the presence of industrial wastes in 
the sewage, or to the return of too 
much supernatant overflow to the raw 
sewage. The first is volume overload, 
the latter two are organic overloads. 
All three are related to B.O.D. 

Chlorination of sewage for any pur- 
pose reduces the B.O.D. and hence the 
load on the plant. When up-sewer or 
prechlorination is used for odor con- 
trol, the load on the plant will be less 
because the B.O.D. is being reduced at 
the same time. When prechlorination 
ahead of settling is being used for dis- 
infection, the load on the primary and 
secondary units will be less, because 
chlorination has been carried still 
further and the B.O.D. reduced still 
more. Obviously, there is a limit to 
correction with chlorine when volume 
overload reaches a certain critical 
point. 

In using prechlorination for reduc- 
ing plant overload, each p.p.m. of chlo- 
rine will reduce (11) the B.O.D. ap- 
proximately 2 p.p.m., @e., for each 
pound of chlorine applied, the B.O.D. 
will be reduced by about 2 pounds. 
This rate of reduction is fairly con- 
stant up to the point where a chlorine 
residual, as in sewage disinfection, is 
obtained. By the time the chlorine is 
added in sufficient amount to produce 
this residual, the B.O.D. load on the 
plant is reduced by 15 to 35 per cent. 
This reduction is most significant with 
strong sewages, highly septic sewages, 
sewages containing industrial wastes, 
and when supernatant is being re- 
turned to the raw sewage. It is un- 
economical to chlorinate beyond the 
point necessary to obtain a chlorine 
residual. Beyond that point the 
amount of chlorine required to give 
a comparable B.O.D. reduction becomes 
excessive. 

The use of prechlorination for reduc- 
ing plant overloads has often exceeded 
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expectations. One of the most out- 
standing instances is that reported by 
Rawn (12) several years ago. Septic 
sewage was reaching an _ activated 
sludge plant and as a result the sew- 
age would not respond readily to sec- 
ondary treatment. Chlorination of the 
raw sewage produced a fresh sewage 
at the plant and its capacity was there- 
by trebled. 

At Butler, Pa., Haseltine reported 
(13) how changing from postchlorina- 
tion at the primary units to prechlo- 
rination produced greater B.O.D. re- 
moval through one clarifier than pre- 
viously was obtained through the use 
of two clarifiers in series. 


Grease Removal 


rrease is a problem at many sewage 
plants. Mahlie (16) says that grease 
occurs in sewage in larger quantities 
than is usually suspected and that its 
effects are more far reaching than is 
admitted. 

Gascoigne (17) as early as 1931 re- 
ported that chlorine applied to sewages 
or industrial wastes high in grease 
would break up the emulsions allowing 
the grease to float, thus facilitating its 
collection. Superintendents and oper- 
ators have noted this for years and 
on rare occasions have reported their 
observations. Most of the observations 
have followed the same general pat- 
tern. Prechlorination was found to 
increase the amount of scum removed 
form the surface of the settling tanks. 
It did not result in more frequent skim- 
ming. Actually the scum appeared to 
accumulate in a more dense or compact 
mass requiring less skimming and re- 
sulting in an improved general appear- 
ance of the settling basins and clari- 
fiers. 

In 1937, Faber (14) reported the 
first use of chlorine with diffused air, 
a process called aero-chlorination, at 
Woonsocket, R. I. Wiest (15), in 
1938 at Lancaster, Pa., modified the 
procedure by applying chlorine solu- 
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tion to the sewage ahead of the aera- 
tors. 

The reasons for which grease may be 
removed, partly as scum and partly as 
sludge from various settling processes, 
are several fold. The number of ad- 
verse effects it may have on sewage 
plants has been ably listed by Mahlie 
(16). It blinds screens, accumulates 
on walls, destroys the paint on steel 
structures, gives rise to odors, inter- 
feres with Imhoff tank performance, 
interferes with secondary treatment, 
clogs filters, and interferes with sludge 
digestion. 

Chlorine for grease removal can be 
applied as prechlorination ahead of a 
preliminary skimming tank, ahead of a 
settling tank, or ahead of aeration 
tanks. Aero-chlorination may also be 
employed in which ease dry chlorine 
gas is mixed with the diffused air go- 
ing to the aeration tanks. 

If chlorine is applied to the sewage 
as prechlorination, it is not necessary 
to chlorinate to a residual to obtain 
further removal of the grease. Often 
as little as 2 to 5 p.p.m. of chlorine 
will suffice. 

If aero-chlorination is employed, it 
is general practice to use 2 to 10 p.p.m. 
of chlorine as chlorine gas and 0.02 
to 0.20 cu. ft. of air per gal. of sew- 
age, with a 3 to 20-min. aeration pe- 
riod. 


Improved Clarification 


When prechlorination has been used 
for disinfection, odor control, plant 
overload, or grease removal, many sup- 
erintendents and operators have found 
considerable improvement in the clari- 
fication of the primary tank effluents. 

Cohen (18), in 1928, was among the 
first to report on this effect. At the 
Lufkin, Texas plant, prechlorination 
ahead of the Imhoff tank resulted in a 
tank effluent containing less suspended 
matter. Others have reported the same 
effect. In recent years, the use of pre- 
chlorination has been reported to have 
improved the settling rate at the sew- 
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age plants at Annapolis, Md., Clear- 
water, Fla., Kankakee, Ill., and Racine, 
Wis. 

The purposes of using chlorine for 
improved clarification are (1) to im- 
prove the settling rate of normal sew- 
ages, (2) to overcome the septicity of 
raw sewage and thus keep the sludge 
from rising in the clarifier, (3) to in- 
crease grease removal and thus over- 
come the adverse settling effect grease 
has on the suspended matter, and (4) 
to aid in chemical precipitation proc- 
esses. 

As regards the rising of sludge in 
clarifiers, Jones (19) in a recent article 
points out that septic sewage and in- 
dustrial wastes are the worst offenders. 
The buoyant effect of suspended sol- 
ids containing gaseous decomposition 
products causes the solids to rise, or at 
least retards their settling rates, so 
that the solids are carried out in the 
effluent. 


Prechlorination applications of as 


‘little as 1 p.p.m. of chlorine will in- 


crease the settling rate of a normal 
sewage, and for septic sewages as little 
as a 2 p.p.m. application has given 
some improvement. When industrial 
wastes are present and are adversely 
affecting the settling rate, consider- 
ably higher applications of chlorine 
are required. The amount depends 
upon the particular wastes involved 
and may be several p.p.m. 

The use of chlorine as an aid to 
coagulation or chemical precipitation 
is not confined to sewage treatment 
alone. Prechlorination has been of aid 
to coagulation in water treatment for 
many years. At Butler, Pa., Haseltine 
(20) found that the addition of chlo- 
rine was a necessary adjunct to chemi- 
eal coagulation of sewage when using 
iron salts. The same observation is on 
record at the Shades Valley plant at 
Birmingham, Ala. 


Decreasing Load on Stream 


The primary purpose of a sewage 
treatment plant is to lower the B.O.D. 
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and bacteriological load delivered to 
the receiving stream. 

The use of chlorine for relieving the 
load on the stream is particularly ap- 
plicable at sewage plants employing 
only primary treatment. It is a de- 
sirable adjunct with primary treat- 
ment at those times of the year when 
stream flows are insufficient to give 
proper dilution. It should not be in- 
ferred from this, however, that chlo- 
rination for this purpose is by any 
means a substitute for secondary treat- 
ment. 

The most common practice for de- 
creasing the load on the receiving 
stream appears to be prechlorination 
ahead of settling in which ease the 
B.O.D. is reduced as mentioned under 
the subject of plant overload. 

Postchlorination of the primary. efflu- 
ents is not excluded as a use of chlo- 
rine for this purpose. It has been 
used with considerable success, and 
B.0O.D. reductions of as much as 50 
per cent have been reported, although 
with primary effluents the reduction 
normally is not expected to exceed 25 
to 35 per cent. ' 

Chlorination sufficient to produce a 
residual at the point where the sewage 
effluent enters the stream is usually 
advisable. The report of the A.P.H.A. 
Committee on Sewage Disposal (11) 
states that chlorination sufficient to 
produce a chlorine residual in the 
stream receiving the chlorinated sew- 
age or effluent will retard the normal 
decomposition processes and will tend 
to prevent anaerobic conditions during 
normally critical periods of rapid oxy- 
gen depletion. It permits an oppor- 
tunity for reaeration and additional 
dilution from tributary streams to 
maintain aerobic conditions. The com- 
mittee warns, however, that the ef- 
fect of chlorine carried in sewage efflu- 
ents may be negligible in streams con- 
taining extensive sludge deposits. 

Other than reduction in the B.O.D. 
load on streams, the reduction in the 
bacterial load is of utmost importance. 


ling filters. 
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The primary treatment plants at Buf- 
falo and Detroit are the largest plants 
in the United States using chlorine for 
this purpose. Both use prechlorina- 
tion. 

These plants are correctly interested 
in keeping the number of bacteria in 
the sewage effluent down to a certain 
specific level. Unfortunately, most 
bacteriological results obtained at sew- 
age plants have been reported as per- 
centage of bacteria removed within the 
plant rather than the number of bac- 
teria remaining in the effluent. It can- 
not be overemphasized that it is the 
number of bacteria per unit volume of 
sewage discharged to a stream and not 
the percentage of bacterial reduction 
in the plant which determines the 
quality of the receiving stream. 


Chlorine as Adjunct to Secondary 
Treatment 


Trickling Filter Odor Control 


Odors have always been a problem 
in the operation of trickling filters. 
For one reason or another, the odors 
from trickling filters appear to be more 
offensive to a citizen than the odors 
from primary units. It appears that 
there have been more damage suits 
resulting from trickling filter odors — 
than from those of primary treatment 
units. At least one city in the United 
States has had as many as 25 to 30 
lawsuits as a result of odors from trick- 
ling filters. 

In 1911 (21) bleaching powder was 
used at Stratford-on-Avon in England 
for controlling odors at trickling filters. 
Three years later this plant moved the 
point of application to the erude sew- 
age and thereby was able to eliminate 
odors throughout the plant. 

Enslow, of the Chlorine Institute, in 
the late twenties and early thirties was 
particularly active in giving assistance 
to plant superintendents and operators 
in eliminating odor problems at sew- 
age plants, including the odors at trick- 











Cohn (22, 23), at Schenectady, was 
one of the first plant superintendents 
in the country to experiment with the 
use of chlorine for controlling odors at 
trickling filters. Washington, N. J. 
(24) was among the earliest plants to 


apply chlorine at the dosing tank for 


odor control at the trickling filters. 

The object of using chlorine for odor 
control at trickling filters is to elimi- 
nate the nuisance of odorous gases re- 
leased from the spray and, occasion- 
ally, from the filters. 

Chlorine for the control of odors at 
trickling filters is fed seasonally or con- 
tinuously, depending upon plant con- 
ditions and the proximity of the plant 
to nearby residences or highways. 
Two procedures in the application of 
chlorine appear to be acceptable. The 
chlorine may be applied either as pre- 
chlorination ahead of the settling tanks 
or as primary treatment postchlorina- 
tion to the primary effluent on its pass- 
age to the dosing tank. 

Control usually is obtained by apply- 
ing enough chlorine to satisfy 10 to 20 
per cent of the chlorine demand. In 
a few cases as much as 100 per cent of 
the chlorine demand must be satisfied. 
The amount of chlorine required at 
most plants seems to vary from 2 to 6 
p.p.m., the quantity naturally being 
dependent to some extent on whether 
the chlorine is being applied to the 
primary tank influent or effluent. Re- 
circulating part of the plant effluent is 
sometimes an effective way of reduc- 
ing the chlorine requirements. 

As mentioned previously, the control 
of ehlorination when not chlorinating 
to a residual is often more difficult than 
in those cases where a residual is re- 
quired. The most common criterion of 
the proper amount of chlorine to be 
used is the number of complaints re- 
ceived. Some plants do not like to 
rely on this type of control, because, 
if something goes amiss, a considerable 
amount of good will can be lost. 

Some plant superintendents or op- 
erators have effected control by adding 
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sufficient chlorine to the primary efflu- 
ent to produce either a small chlorine 
residual or a small amount of dissolved 
oxygen in the sewage at the spray 
nozzle or distributor. 

When the odor nuisance is from the 


filter itself, chlorination of the sewage . 


has not always been effective, particu- 
larly where spray nozzles are used, due 
to incomplete coverage of the filter sur- 
face. In such cases, spreading chlo- 
rinated lime or hypochlorite over the 
surface has been extremely effective. 
Hirsch (25), in a recent article, reports 
that an application of about 10 lb. of 
dry hypochlorite per 1,000 sq. ft. of 
filter area is quite satisfactory. 

At Lebanon, Pa., Beamsderfer (26) 
applies 2 p.p.m. of chlorine to the Im- 
hoff tank effluent for odor control at 
the trickling filters. He occasionally 
makes a dissolved oxygen test. When 
he finds none, he starts recirculation 
of the secondary effluent. This pro- 
cedure has resulted in very effective 
trickling filter odor control. 


Filter Pooling Control 


Filter ponding or pooling has been 
experienced at several trickling filter 
plants. Many superintendents and op- 
erators consider this an embarrassing 
situation and more so when they have 
to resort to a drastic chlorination prac- 
tice. At some plants this pooling oc- 
curs regularly in the late winter or 
early spring. Others fortunately have 
never had this trouble, but since it may 
occur unexpectedly at any time, it is 
well for superintendents and operators 
to be acquainted with the steps that 
should be taken for its correction. 

The purpose of using chlorine for the 
relief of a ponded filter is to remove 
the clogging, which is usually in the 
upper 8 to 16 in. of the filter, due to 
sewage solids, organic growths and, at 
times, algae. 

Filter ponding is controlled by meas- 
ures that may be described as removal 
or prevention. 

Control by removal is affored by 
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chlorination in two ways: (1) by ap- 
plying chlorinated lime or dry hypo- 
chlorite on the surface of the filter, or 
(2) by chlorinating the filter influent. 
If chlorination is restored to, it should 
be applied at night when the chlorine 
demand and flow of the influent are at 
their lowest. An adequate chlorine 
residual, the secret of effective relief, 
is thus obtained at a considerable sav- 
ing in chlorine. 

The amount of chlorine required for 
the relief of filter pooling is usually ex- 
pressed as p.p.m. of chlorine applied, 
or as Ib. of chlorine per 1,000 sq. ft. 
of filter area. If hypochlorite is used, 
the application required will likely be 
about 8 to 12 Ib. of available chlorine 
per 1,000 sq. ft. of filter. If the in- 
fluent to the filters is chlorinated, the 
amount of chlorine required must be 
sufficient to give a 2 to 10 p.p.m. chlo- 
rine residual at the nozzle. This may 
require anywhere from 5 to 30 or 40 
p.p.m. of chlorine. Whatever the prac- 
tice may be, chlorination is continued 
nightly until the filter ponding has 
been relieved. It may take 2 to 6 suc- 
cessive nights before the relief is com- 
plete. 

Control by prevention is usually 
practiced at those plants periodically 
plagued with filter pooling. To insure 
permanent relief, many of these plants 
have set up a chlorination program 
which experience has proven to be 
highly beneficial. Chlorine is some- 
times applied to the filter influent con- 
tinuously or semicontinuously in mod- 
erate doses. Chlorination may be pro- 
vrammed so that it is applied 1 day a 
week at 2-hour intervals or 1 night a 
week from possibly 8:00 p.m. to 8:00 
A.M., or any other combination. If 
such a programmed procedure is fol- 
lowed, the dose should be moderate but 
sufficient to maintain a 1 to 2 p.p.m. 
chlorine residual at the nozzle. 

In the control of filter ponding,.it 
is sometimes necessary to take ex- 
tremely drastic action. Although not 
recommended, the case at Westfield, 
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N. Y. (27) can be cited. To get rid 
of the ponds on the filter, it was found 
necessary to run the chlorinator hose 
to the filter and spray the chlorine 
water directly on the surface of the 
filters with the chlorinator running 
at its full capacity of 200 Ib. per day. 
The treatment inactivated the filter for 
about 5 weeks. Under more normal 
treatment the filter effluent is usually 
of satisfactory quality in a week or so 
after the ponding is relieved. Many 
plant reports show that the effluent, 
in returning to normal, is of far better 
quality than it had been for months 
previous to the ponding. 

At Butler, Pa. (28), heavy chlorina- 
tion of the final settling tank effluent 
and recirculation of this effluent would 
not, under normal operation, relieve a 
filter ponding condition. Ponding was 
finally eliminated by pumping chlorin- 
ated effluent to the filter influent and 
having an operator hold the distributor 
arm in one place for about 30 min., 
then rotate the arm 10 ft., and repeat 
the performance until the filter had 
been completely treated in this man- 


ner. 


Filter Fly Control 


Psychoda alternata are a nuisance 
at many trickling filter plants, particu- 
larly to the plant personnel. Preven- 
tion of the nuisance is preferable to 
trying to reduce the number of the 
flies after the situation has become al- 
most unbearable. It must be admitted 
that this is not as simple as it sounds. 

Many plant superintendents and op- 
erators do not like to use chlorine for 
this purpose for fear that such chlo- 
rination will harm the operation of the 
filter. Yet, if chlorination is adequate 
to remove some of the organic growths 
in the upper layer of the filter, it is 
reasonable that the breeding ground 
for the psychoda fly will have been 
considerably minimized. 

In controlling the filter fly, chlorine 
is applied to the filter only during the 
fly season. Chlorination is programmed 








during night flows when the amount of 
chlorine required to obtain a chlorine 
residual is at a minimum. Chlorine is 
applied to the filter influent 1 night 
every 10 days, 1 night a week, or pos- 
sibly 1 to 2 successive nights a week. 
The frequency of the treatment is de- 
termined by experience at each par- 
ticular plant. 

The amount of chlorine required for 
fly control is less than that used for 
the relief of ponded filters. The ap- 
plication should be sufficient to give a 
slight chlorine residual at the spray 
nozzle; 3 to 10 p.p.m. of chlorine will 
usually be required. 

At Perkasie, Pa., a 0.5 m.g.d. plant, 
chlorine is applied to the filter influ- 
ent from 6:00 p.m. to 6:00 a.m. 2 to 3 
successive nights every other week. 
Chlorine requirements seldom exceed 
15 Ib. per night, and the results are 
very effective. 

Filter Improvement 

When chlorine has been used for 
trickling filter fly and odor control, the 
personnel at the plants have invariably 
noted, and in some eases reported, how 
chlorination kept the filters cleaner 
than they had ever been before; how 
the pipe lines were cleaned of growths; 
how the spray nozzles were much 
cleaner than before; how, for the first 
time algae growths were kept off the 
filters; and how much the appearance 
of the filters was improved. 

Chlorination for trickling filter odor 
control and for psychoda fly control is 
good operation practice. In some cases, 
the quality of the trickling filter efflu- 
ent is maintained at a higher level than 
before. At more than one plant, from 
the standpoint of operation, the slough- 
ing of material from the filter has been 
even of more importance than odor 
control, the original intention of the 
chlorination. 


Activated Sludge—Sludge Bulking 
Control 


In 1926, De Laporte, of the Ontario 
Provincial Health Department, applied 
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a solution of bleaching powder to re- 
turn sludge to correct disturbances at 
activated sludge plants giving inferior 
effluents. At the Barnsley, England 
activated sludge plant, Bell (19) in 
1929 reported plant improvement by 
applying bleaching powder to the raw 
sewage prior to sedimentation. He de- 
rived even greater benefits by a sec- 
ondary application of chlorine to the 
return sludge at the point of mixture 
of the return sludge with the settled 
sewage. Gascoigne (6), in speaking of 
this plant, states that after this treat- 
ment was put into practice the Barns- 
ley plant took care of the load for the 
first time without bypassing the secon- 
dary units, and the quality of the efflu- 
ent was improved. 

In 1934, Smith at Lima, Ohio (30, 
31), at the suggestion of Purdy, tried 
chlorination of the return sludge dur- 
ing a period of bulking and found that 
small amounts of chlorine effectively 
reduced fungus growths and stopped 
the bulking. As early as this it was 
found that the amount of chlorine re- 
quired was governed by the percentage 
of solids in the return sludge. In No- 
vember, 1935, Lancaster, Pa. success- 
fully added chlorine to the return 
sludge to remedy a sludge bulking con- 
dition. Other plants soon followed in 
rapid suecession. The Radnor-Haver- 
ford, Pa. activated sludge plant was 
among the early users of chlorine for 
this purpose. 

The role of chlorine in activated 
sludge bulking control has been vari- 
ously explained. Chlorination un- 
doubtedly kills part of the biological 
life in the return sludge. Tapleshay 
best expresses it by stating that he 
believes the chlorine restores the bal- 
anced load between the organic matter 
and the biological life present in the 
sludge. 

The best procedure for sludge bulk- 
ing control is that outlined by Taple- 
shay (32, 33) after visiting 50 acti- 
vated sludge plants in the United 
States. Briefly, the procedure is to 
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apply chlorine to the return sludge at 
least two minutes ahead of where it 
mixes with the primary effluent; to use 
chlorine in an amount computed from 
the Tapleshay formula; to keep the 
rate of return sludge as near a con- 
stant percentage of the flow as pos- 
sible during chlorination; and to sel- 
dom adjust the chlorine dosage day by 
day. The reason for the latter is that 
as the sludge index decreases the con- 
centration of the return sludge in- 
creases as it becomes more compact. 
Chlorination is continued until the 
sludge index returns to the normal 
value for that particular plant. 

In applying chlorine to the return 
sludge, the effluent usually gets turbid 
in the first 12 hours as the reaction sets 
in. This fact has caused some who 
have tried chlorination to discontinue 
the treatment and eall it a failure. If 
chlorination had been continued, they 
would have found that the turbidity 
gradually decreased, along with the 
sludge index. Usually a decided im- 
provement is noted in 3 or 4 days. 
Chlorination for sludge bulking is usu- 
ally discontinued in 7 to 10 days. 

The amount of chlorine required to 
control sludge bulking increases with 
the suspended solids concentration and 
with the sludge index. Tapleshay’s 
chart (33) covers a wide range of 
values for these two figures which make 
use of anywhere from 2 to 24 lb. of 
chlorine per 100,000 gal. of returned 
sludge. Normally, the amount of chlo- 
rine required will vary between 2 and 
8 p.p.m., with an average of 5 p.p.m., 
based on the return sludge flow. 


Activated Sludge—Diffuser Plate 

Cleaning 

The clogging of air diffuser plates 
in aeration tanks at activated sludge 
plants has, at some plants, become a 
major problem. Roe (34) in a paper 
published in 1934 described the causes 
of clogging and summarized the vari- 
ous practices used for cleaning the 
plates. Chlorine treatment is men- 
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tioned among the various procedures. 
Franklin (35) and Jackson (36) have 
reported on the use of chlorine, given 
details of the method, and have con- 
cluded that the use of chlorine is an 
effective and economical method of 
cleaning the plates. 

Chlorine is added directly into the 
air header, one unit at a time. The 
usual practice is to use intermittent 
applications of chlorine, about 3 or 4 
lb. per hour for about 2 to 3 hours 
during the day. Continuous treatment 
will require about 12 to 15 Ib. of chlo- 
rine. 

The use of chlorine for cleaning dif- 
fuser plates does not give continuous 
relief but, if used properly, it should 
not be necessary to remove the plates 
for cleaning more often than every 2 
years or so. Cleaning the plates with 
acid or by burning is a considerable 
undertaking and, if the intervals be- 
tween such a procedure can be length- 
ened, an occasional application of 
chlorine is definitely worthwhile. 

Hatfield (37) of Decatur warns that 
the addition of chlorine to the air 
header may not at first appear to be 
of any value. He found that the ac- 
tion is somewhat delayed in its effect 
but that it works and has the advan- 
tage of being able to keep aeration 
tanks in operation while the plates are 
being treated. 


Chlorine as Adjunct to Sludge 
Disposal 


Foaming Control 


Foaming is a problem at many sew- 
age plants. Schlenz (38) mentions 8 
possible causes of foaming, discusses 
each, and then gives 10 remedies. 
Many of these remedies consume a con- 
siderable amount of labor and are 
costly to execute. The use of chemi- 
cals such as lime or chlorine are the 
two chemical methods listed. Foaming 
often occurs when the pH of the di- 
gester contents is above 7.0. Lime is 
most generally tried first but when 
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this fails chlorine has often been found 
to be the answer to the problem. It 
has been particularly applicable where 
foaming has been rampant at Imhoff 
tanks. 

In 1926, Enslow, at Austin, Texas 
(18), applied chlorine to the incoming 
crude sewage entering one of the Im- 
hoff tanks. Even small- amounts of 
chlorine reduced the tendency to foam 
and produced a more satisfactory tank 
effluent. Similar results have been re- 
ported at Lufkin, Texas (18) in 1928, 
and shortly thereafter at Brecken- 
ridge, Texas. Samson (39), in 1987, 
reported that for over 2 years pre- 
chlorination had been successful in 
controlling foaming at the Tonawanda, 
N. Y. plant. 

Industrial wastes in the sewage often 
cause Imhoff tanks to foam. One of 
the earliest to report the use of pre- 
chlorination ahead of Imhoff tanks re- 
ceiving sewage containing industrial 
waste was West, (40) at Stockton, 
California. The wastes were those 
from canneries and a cheese factory. 
Foaming occurred practically the year 
round but was always accentuated dur- 
ing the canning season. Prechlorina- 
tion greatly reduced the foaming and 
the effluent became decidedly clearer. 

Blohm (41), at* the Westminster, 
Md. plant, had an unusual experience 
with distillery waste. In 1936, a year 
after the plant was placed in operation, 
the digester foamed. Lime with re- 
circulation failed to stop foaming even 
when the pH of the digester contents 
was 7.2. The addition of 16. lb. of 
chlorine in the form of calcium hypo- 
chlorite stopped the foaming com- 
pletely. 

Chlorine for foaming control of Im- 
hoff tanks is always added as prechlo- 
rination ahead of the tank. An appli- 
cation of 3 to 15 p.p.m. of chlorine usu- 
ally suffices to greatly reduce the foam- 
ing and, in some instances, completely 
stop it. 
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Supernatant and Waste Activated 
Sludge Chlorination 


The return of* the supernatant 
liquor from the digester has often been 
a problem at many sewage plants, par- 
ticularly when its return to the pri- 
mary tank influent has resulted in an 
upset plant due to the overload 
created. At times, even secondary 
treatment units have been affected. 
Chlorination has often been the answer 
to the problem and it is expected to 
have widespread use in the future. 

It is almost impossible to chlorinate 
the supernatant to a chlorine residual 
for it generally has a chlorine demand 
of 300 to 400 p.p.m. An application 
of 20 to 80 p.p.m. of chlorine per mil- 
lion gallons of supernatant usually 
suffices to take the load off the plant. 
The supernatant can be returned in the 
early morning when the chlorine de- 
mand of the raw sewage is at a min- 
mum. The supernatant-raw sewage 
mixture is then chlorinated as it enters 
the primary settling basin. The super- 
natant can also be fed slowly but con- 
tinuously throughout the day and _ in 
that way the prechlorination dose need 
be increased only slightly above nor- 
mal. 

The return of excess activated sludge 
to the primary settling tank at acti- 
vated sludge plants is often a source 
of trouble. The activated sludge be- 
comes septic and rises to the surface, 
retarding the normal settling and, 
hence, interfering with the activated 
sludge process. At the Willow Run 
bomber plant, Detroit, Michigan, 
Herda (42, 43) was confronted with 
an overloaded plant due to both the 
return of the digester supernatant 
liquor and waste activated sludge to 
the primary settling basins. He re- 
ported that chlorination of the waste 
activated sludge and the supernatant 
with 2 to 8 p.p.m. of chlorine, based on 
the waste activated sludge flow, re- 
sulted in great improvement in the set- 
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tling in the primary tanks and in the 
appearance of the plant effluent. 


Sludge Thickening 

The problem involved in returning 
the waste activated sludge to the pri- 
mary units is quite often avoided by 
sending it to the digesters, or by drying 
it on vacuum filters. In either event, 
the excess return sludge first must be 
concentrated in tanks. 

About 1930, Goudey and Bennett 
(44) eliminated the ill effects of re- 
turning waste activated sludge to the 
raw sewage by concentrating the sludge 
in separate tanks and then pumping 
it to the digesters. They applied chlo- 
rine to the upper strata of the liquid 
at the rate of about 25 Ib. of chlorine 
per million gallons of sewage passing 
through the plant. In this way, they 
were able to avoid bulking and reduce 
the water content to 95 per cent. 

Phoenix, Ariz., Topeka, Kans., Rock- 
ville Center, N. Y., and, more re- 
cently, the Tallman’s Island plant of 
New York City have used chlorine for 


CHLORINATION OF SEWAGE 317 


this purpose. It is usually used in the 
summer when the return sludge de- 
teriorates most rapidly. 

For satisfactory thickening, a chlo- 
rine residual must be maintained in 
the clear liquor above the settling or 
the compacting sludge in the tank. 
Addition of chlorine to the sludge as it 
enters the tank seems to give the best 
chlorine residual control. All who 
have tried this treatment agree that 
a 1 p.p.m. chlorine residual must be 
maintained in the clear liquid above 
the sludge. 


Summary 


Chlorine has many other minor uses 
in sewage treatment works operation 
which are not discussed in this paper. 
Regardless of the purpose for which 
chlorine is used—whether it be for 
effluent disinfection or as an aid to 
primary treatment, secondary treat- 
ment, or sludge disposal—the best ad- 
vice concerning its use is to chlorinate 
intelligently, but not blindly. 
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PAINTS AND PROTECTIVE COATINGS * 


By Water A. SPERRY 


Superintendent, Aurora Sanitary District, Aurora, Illinois 


The following notes and comments 
on paints and protective coatings are 
elementary in character. They are 
presented mostly as simple definitions 
and discussions, designed to give a gen- 
eral idea of the composition, proper- 
ties, and relationship of the more com- 
mon types of protective coatings. A 
better understanding of the funda- 
mental nature of this class of materials 
will be of invaluable assistance in 
choosing the best type of coating for 
a given surface. 


Primary Purpose of Protective 
Coatings 
Primarily, protective coatings are 
applied to protect surfaces. The more 
common agents which attack surfaces 
and against which paint protection is 
desirable are: 
1. Light—especially ultraviolet 
light 
Water 
Abrasives 
. Perspiration 
Oil and grease 
6. Chemical corrosives 
7. High temperatures 
8. Low temperatures 
9. Temperature changes 
10. Biological agents—bacteria, 
fungi, marine growths, ete. 


~ 


TH COL 


Classification of Protective Coatings 


The term protective coatings may be 
applied to a large and varied number 
of compounds. Protective coatings 
may be generally classified as follows: 

1. Ordinary paints 

2. Varnishes 

Oil varnishes 
Spirit varnishes 
* Presented at the 12th Annual Illinois 


Sewage Works Operators Conference; Spring- 
field, Tll.; Nov. 18-19, 1947. 





3. Enamels 
4. Lacquers and syntheties 
5. Caleimines 
6. Aluminum paints 
Bituminous types: 
Asphalt bases 
Coal tar bases 


~] 


Ordinary Paints 


Ordinary paints usually consist of a 
pigment which is thoroughly ground 
into a vehicle and conditioned for final 
use by the addition of a dryer and/or 
turpentine. Surface protection is ae- 
complished by the pigment being bound 
to the surface by the vehicle through 
a process of chemical drying, with the 
formation of a tough, elastic film. 

The vehicle is the most important 
ingredient of ordinary paint. Ve- 
hicles for paint use consist of drying 
oils. The three important drying oils 
in the general order of their import- 
ance are: (1) linseed oil, (2) Chinese 
wood oil (tung oil), and (3) soybean 
oil. 


Drying Oils 


Drying oils have the property, after 
processing, of undergoing chemical 
change by the combined process of ab- 
sorbing oxygen (15 to 20 per cent) and 
undergoing an internal molecular re- 
arrangement—a process known as 
polymerization—so that they dry out 
into a tough, elastic, insoluble film, the 
principal constituent of which is lin- 
oxyn. Linoxyn is the material that 
gives linoleum its name and well known 
wear properties. 


Linseed Oil 


Linseed oil is derived from flax seed. 
It is purchased as either raw or boiled 
oil. Raw oil is the refined oil and 
‘‘dries’’ at a very slow rate. Where a 
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particularly good job is desired and 
time can be allowed for the ‘‘drying,”’ 
raw oil is often the more desirable to 
use. 

Boiled oil is made by heating the oil 
in the presence of lead or manganese 
salts which partially satisfy the oxy- 
gen demand of the oil. Thus, boiled 
oils tend to dry in about 24 hours, 
which shortens the time for drying 
between coats. 


Chinese Wood Oil 


Chinese wood oil (tung oil) is the 
oil expressed from the nuts of the 
tung tree—a native of China. It can 
not be used raw but must be heated to 
a temperature of 400° to 550° F. in 
the presence of lead or manganese salts 
to properly prepare it for use. Its 
‘*drying’’ properties are similar to lin- 
seed oil. It is said to have consider 
able resistance to water penetration 
and is, therefore used somewhat for 
paints to be applied in damp places. 
Soybean Oil 

Soybean oil is the oil expressed from 
the soya bean. It closely resembles 
linseed oil. It is prepared for use by 
blowing a hot current of air, at 200° 
C., through the oil for several hours, 
and then filtering the oil. 

Fish Oil 

Fish oil is finding some use as a 
paint vehicle. It is the oil expressed 
from the menhaden of the Atlantic 
Ocean and the salmon and herring of 
the Pacific. After proper treatment 
it has but slight odor. When used in 
combination with linseed oil it is said 
to improve the water-proofing and 
heat-resisting properties of paint over 
that obtained by the use of straight 
linseed oil. It is, therefore, suitable 
for use on heated surfaces. 


The *‘Drying’’ Process 


It is important to underscore the 
fact that some protective coatings, 
such as spirit varnishes and most lac- 
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quers, dry by the simple process of 
mechanical evaporation and, accord- 
ingly, dry thoroughly in a short time. 
However, those protective coatings 
which contain drying oils, such as ordi- 
nary paints, oil varnishes, and enamels, 
‘‘dry’’ by a process of chemical drying, 

Chemical drying, even when accel- 
erated by drying agents, takes time. 
The film is not dry when it feels dry 
to the touch. Time and the accessibil- 
ity of air are necessary for the chemi- 
cal reactions to take place. If this 
point is neglected and succeeding coats 
are applied too soon, the final result is 
likely to be faulty since the undercoat 
will creep, causing cracking, scaling, 
and other defects. 


Paint Dryers 


Paint driers have been developed in 
order to expedite paint drying with 
out too seriously affecting the quality 
of the finished job. Dryers are known 
as oil driers and Japan driers. 

Inorgani¢ salts of lead (oxides-bo- 
rates-acetates) and manganese (diox- 
ide,, acetate, sulfate) are dissolved at 
high temperatures in linseed oil and 
are sold in the trade as oil driers. The 
Japan driers are made from organic 
salts of lead and manganese—the resi+ 
nates and linoleates—dissolved in tur- 
pentine. In small amounts (less than 
1 per cent) they act as ceatalizers, 
speeding up oxygen absorption. 
Turpentine 

Turpentine is universally used as a 
paint thinner and conditioner for final 
brush application. Turpentine is de- 
rived from the sap of the pine tree 
and from the §team distillation of wood 
chips from the Norway and Southern 


pine tree and from the Douglas fir 
uree. 


Pure Gum Turpentine 


Pure gum turpentine is gathered 
from the sap of pine trees in much the 
same manner as maple sap is gathered 
from maple trees, by a process called 
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‘‘boxing.’’ It is refined by steam dis- 
tillation and leaves a residue of rosin. 


Wood Turpentine 


Wood turpentine is prepared by 
steam distilling wood chips from tur- 
pentine-bearing trees. The residue 
by-product is rosin. Pure gum and 
wood turpentine differ only slightly 
in composition or properties. The tur- 
pentines are frequently adulterated 
with mineral oils, and such adultera- 
tion is difficult to detect. Turpentine 
is strictly a diluent in paint and has 
little of the ‘‘drying”’ or film-forming 
properties of oil. 


Paint Pigments 


Paint pigments are derived from a 
very wide variety of sources. Some 
are manufactured, some mined. Most 
pigments are inorganic salts of the 
metals, such as those of lead, barium, 
and zine. Some are of organic origin 
and are known as lakes. Any detailed 
discussion of this phase of paint com- 
position is not compatible with the 
purpose of this paper. 

Paint pigments are used for color ef- 
fects. Color may be desirable for its 
decorative and aesthetic effects, or it 
may serve such utilitarian purposes as 
the easing of eye strain, with improved 
production and safety resulting. The 
DuPont Company, and others, have 
pioneered such uses of color. Color 
is also used for identification purposes, 
such as the designation of pipe and 
tank uses, as in a chemical plant. Pig- 
ments are sometimes used for protec- 
tive and preservative purposes. The 
use of red lead for the protection of 
steel is an example of this. 

The selection of the particular kinds 
of pigments to complete a given paint 
mixture involves a considerable knowl- 
edge of physical chemistry and the me- 
chanical nature of the pigment par- 
ticle. For example, a mixture of zine 
and lead pigments is better for a white 
paint than either pigment alone. The 
zine pigment alone is too hard and 
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flinty, and lead pigments alone are too 
chalky. A combination strikes a happy 
medium. Where sulfur is present in 
the atmosphere, as around mining 
towns and sewage plants, lead pigments 
must be avoided since lead tends to 
form a black lead sulfide, and the paint 
darkens. To avoid this, titanium and 
zine pigments are used. In some coun- 
tries, such as France, the use of lead 
is prohibited due to the danger of pro- 
ducing lead poisoning or painter’s 
colic. 

Often cheap inert materials, called 
extenders, are added to the pigment. 
They are of value in improving the 
paint film by filling void spaces in the 
more granular pigments, much as fine 
sand is used to fill the voids in concrete 
and secure a more dense, impervious 
final mix. 

One of the most important paint 
manufacturing processes is the grind- 
ing of the pigment into the vehicle 
used. This is done in burr-stone mills 
or with various types of roller mills. 
The purpose is not to reduce the pig- 
ment particle size but rather to intro- 
duce a pressure-shear action that sepa- 
rates the individual particles so that 
each particle is thoroughly enveloped 
by the vehicle. 

The final paint mixture must have 
thixotropic properties. That is, paint 
must have the property of becoming 
fluid when worked by the brush. It 
must not solidify until after sufficient 
time has elapsed for the brush marks ’ 
to flow out. On the other hand, it 
must solidify rapidly enough to pre- 
vent flow or sag. The degree to which 
paints have this thixotropie property 
and the care used in selecting the pig- 
ments determine the rate at which pig- 
ments tend to settle to the bottom of 
the container during storage periods. 

All of this emphasizes the wisdom 
of avoiding cheap paints and of dealing 
with well-informed paint men who are 
familiar with paint characteristics and 
are, therefore, able to advise as to 
best application. 








Aluminum Paints 


Aluminum paints are in a class by 
themselves and when properly selected 
and applied are a valuable addition to 
the family of protective coatings. The 
aluminum powder, usually more-or-less 
flaky in character, is floated in either 
an oil varnish which dries chemically 
or clear lacquers which dry by evapora- 
tion. 

The important ingredient of the mix- 
ture is the vehicle, since this deter- 
mines its adaptation in use. Oil var- 
nish vehicles are best for use where 
temperature is a factor, up to 1200° 
F. Lacquer vehicles are used where 
quick drying is desirable and high 
temperature is not a factor. 

Due to over-emphasized advertising 
the average paint user thinks of alu- 
minum paint as a cure-all for general 
application. This is unfortunate. 
Aluminum paints should be carefully 
selected for the particular use intended. 


Bituminous Paints 


Bituminous paints are generally 
used for the protection of metal sur- 
faces, for high temperature work such 
as boiler fronts, and for the protection 
of concrete tanks, underground con- 
struction, and the like. The group 
generally consists of asphalt varnishes, 
asphalt enamels, and tar enamels. The 
latter are better suited for underwater 
protection. 

Asphalt varnishes are solutions of 
solid bitumens, such as gilsonite, oil as- 
phalts, and Bermudes asphalt, in vola- 
tile solvents and varnish. In other 
words, they are a mixture of resin var- 
nish and asphalt varnish. Asphalt 
enamels like ordinary enamels may 
have pigments added for color effects. 

Tar enamels are solutions of the resi- 
dues obtained from the distillation of 
coal and wood tar. Benzene is the 
usual solvent for coal tar pitch. For 
wood tar pitch other solvents such as 
methyl aleohol and turpentine are re- 
quired. 
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Special Paints 


Paints are said to made more resis- 
tant to fire when additions of boric acid 
are made to them. When heated the 
boric acid tends to form a glasslike 
film that prevents access of air. 

Ordinary linseed oil paints tend to 
quickly disintegrate when applied to 
conerete surfaces due to the presence 
thereon of calcium hydroxide—a strong 
alkali—which tends to saponify and so 
destroy the effectiveness of the vehicle 
as a binder. 

One approach to this problem is 
called the Maenichol process. Here the 
concrete surface is first treated with 
zine sulfate which converts the alkaline 
calcium hydroxide to calcium sulfate, 
thus neutralizing its effects. When 
soaps are applied the lime coating is 
converted to stearates or insoluble eal- 
cium soaps which become deposits in 
the voids of the concrete, thus pro- 
moting a water-proofing quality. 

Sylvester alternates solutions of alum 
and soap, which cause deposits of in- 
soluble aluminum hydroxide in the 
voids, with similar water-proofing prop- 
erties. 

Another method makes use of sodi- 
um silicate—water glass—which tends, 
partly, to form monocalcium silicate, 
and gelatinizes as silica in the voids of 
the conerete. 

In short, all concrete surfaces must 
be sized by one method or another be- 
fore paint can be successfully applied. 


Calcimines 


Calcimines, sometimes called distem- 
pers, are water paints, with water and 
an adhesive, such as casein or glue, as 
the vehcile. The pigments are usually 
whiting or gypsum and/or color bodies. 
Calecimines are manufactured by grind- 
ing the pigment and glue together, 
with a sterilizing agent such as boric 
acid or salicylic acid to prevent mould- 
ing. They offer some resistance to fire 
and do not wash off readily. 
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Varnishes 

Varnishes are classified as oil var- 
nishes and spirit varnishes. The oil 
varnishes are made by melting resins. 
Resins are of natural origin, found as 
exudations from ancient trees and usu- 
ally mined in fossil form. Generally, 
resins are hard, brittle, transparent 
bodies, insoluble in alcohol. 

Varnishes are manufactured by melt- 
ing the resin, adding linseed oil, and 
thinning to proper consistency with 
turpentine. One of the resins em- 
ployed is amber, which occurs in thin 
plates and nodules as the fossil remains 
of prehistoric conifers. Copal is simi- 
larly derived from ancient trees found 
in Africa. Kauri is a fossil resin from 
New Zealand and Demarara_ copal 
comes as fossil remains from South 
America. Oil varnishes dry, as does 
paint, by a process of chemical drying. 

Spirit varnishes are solutions of res- 
ins in a volatile solvent such as alcohol, 
benzene, or turpentine. They dry 
quickly by evaporation. The most fa- 
miliar member of this group is shellae. 
Shellae resin is an inerustration found 
usually on the Ficus Religiosa trees of 
India. It is formed from the sting 
of a tiny insect known as the Coccus 
lacca. The insect, feeding on the 
sap of the tree, manufacturers there- 
from a resin which forms a shell about 
its body, thus creating the familiar 
shellac of commerce. It also produces 
a red dye of considerable value. 

Other alcohol soluble resins used in 
spirit varnishes are (1) Mastic, derived 
from trees growing along the coast of 
the Mediterranian Sea; (2) Sandarac 
found on trees growing in Africa, and 
(3) the familiar rosin from pine trees. 


Enamels 


Enamels naturally come next in 
order, being oil varnishes to which have 
been added various pigments for the 
familiar and beautiful color effects pro- 
duced. Like paint and varnish they 
dry by a chemical process and need a 
plentiful cireulation of air. 
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Lacquers and Synthetics 

Lacquers are a compartively new ad- 
dition to the family of protective and 
decorative coatings. They were de- 
veloped after the first world war and 
resulted from efforts to reduce the cost 
of manufacture and the cost and time 
required for the application of oil var- 
nishes and enamels. Their develop- 
ment, in part, also grew out of the 
many new types of solvents which be- 
came available and the large stores of 
nitrocellulose then on hand. 

Lacquers may be either clear or pig- 
mented and can have excellent protec- 
tive qualities. They are made by 
dissolving artificial resins, such as 
nitrocellulose, bakelite, vinyl resins, 
ethyl cellulose, chlorinated rubber-par- 
lon, and many other synthetic types, 
in volatile solvents. Thus they differ 
from enamels by their ability to dry 
completely in a very short time, and in 
their use of the modern synthetic plas- 
tie-like resins in place of the natural 
resins. At present, although 90 per 
cent of all lacquers employ nitrocellu- 
lose, with or without pigment, many 
other combinations are available so 
that lacquers can be designed to meet 
a wide variety of special conditions. 


Summary 


It is to be remembered that this 
paper was intended to give only a brief 
outline of the simple fundamentals of 
the general family of protective coat- 
ings. Modern chemistry has extended 
the groups discussed herein into many 
variations and types, each with special 
properties for special purposes. 

Today a coating for almost any spe- 
cific use may be purchased from reli- 
able sources. It is highly important to 
remember, therefore, that best results 
ean only be obtained by wise selection 
and by a careful observance of the 
manufacturers directions concerning 
prime coats and the use of driers and 
thinners. 
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BARK FROM THE DAILY LOG 


By W. W. MatTHews 


Superintendent, Gary (Ind.) Sanitary District 


March 2—The sludge index is high 
today—452—but with no apparent ef- 
‘fect on the treatment process; sus- 
pended solids and B.O.D. in the final 
effluent—12 and 3.6 p.p.m., respec- 
tively. All other plant factors are 
normal for the typical winter weather 
prevailing. Hosing out of the No. 1 
aerator preparatory to cleaning dif- 
fuser tubes was not an attractive job 
in this cold weather. 

March 5—Thawing temperatures en- 
couraged a start on cleaning the dif- 
fuser tubes in No. 1 aerator. Secon- 
dary clarifier water levels were below 
the effluent troughs so that weirs and 
troughs could be cleaned. This prac- 
tice is routine to remove slime. In the 
summer months algae grows luxuri- 
antly on all vertical walls and baffles 
and in the effluent channels. 

March 7—During the night the east 
agitator in No. 3 digester went out of 
service. Inspection showed that the 
shaft had pulled away from the upper 
coupling. We also discovered that a 
heavy scum layer had displaced the 
gas pipe at the east manhole. Some 
overtime was involved in getting the 
digester back on the line by late even- 
ing. 

March 8—A beautiful day—in re- 
verse! The early morning rain changed 
into a blizzard in the afternoon and 
evening. Then the sludge transfer pipe 
on No. 1 digester stopped up. This 
would happen on a Sunday! There 
was nothing to do but call out the men 
on the maintenance crew. They have 
long since ceased to wonder why break- 
downs always occurred about quitting 
time or on Sundays! 

March 9—This was a poor day for 
‘‘public’’ relations. A complaint on 
basement flooding was received early 
in the morning and a lift station was 





found with the circuit breakers out. 
It had been inspected about one hour 
before, and at that time the pumps 
were operating as usual. This is one 
of those things that are bad for public 
relations. Regardless of how we ex- 
plained the matter, the taxpayer still 
believed that someone had been care- 
less about operating the pumps! Does 
that sound familiar? 

March 10—A party of 33 students 
from Illinois Institute of Technology 
visited the plant this afternoon. Some- 
times I wonder how much a student 
gets from an inspection trip of this 
kind. Engineering students are very 
attentive to descriptions on operation 
and design, but with only an hour or 
so to spend at a plant they can ob- 
tain, at best, only a ‘‘bird’s eye view”’ 
of any plant visited. When several 
plants are visited in a day the impres- 
sions carried away are bound to be 
somewhat hazy. If time would per- 
mit, a small group of students spend- 
ing a day at a type of plant in which 
they were particularly interested would 
obtain a really worthwhile picture of 
plant operation. This is just an idea 
and it may be practicable only when 
the plants inspected are conveniently 
located with reference to the college 
or university. Perhaps sewage works 
men should visit the same way! 
March 11—This afternoon another 
lift station pump control circuit 
breaker was found ‘‘out.’’ There 
seemed to be no apparent reason for 
this since there have been no electrical 
storms and the station is located sev- 
eral miles from the one which gave 
trouble on the 9th. 

March 12—<Another bad day! The 
lift station found out of service yester- 
day was down again when inspected 
this morning. In addition, the elec- 
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trician found the large pump circuit 
breaker ‘‘stuck’’ and the sump pump 
motor burned out! Gravel was found 
in the check valves of both pumps and 
the seat of one of the valves was out 
of place. 

The electrician who rewound the 
sump pump motor suggested that the 
motor may have burned out because 
of the extreme humidity at the pump 
location. He suggested that we in- 
stall a 100-watt lamp, with a reflector, 
adjacent to the motor and burn it con- 
tinuously with the hope that the heat 
from the lamp would prevent the motor 
from burning out. 

(Note:—This recommendation was 
followed and to date—Dec.—we have 
not had any trouble with the motor 
winding. Recently, on a routine in- 
spection the operator reported that the 
light bulb was not burning and the 
circuit to the sump pump was appar- 
ently open. This light is on 220 volts 
because it was more convenient to wire 
in one at 220 than to run a 110-volt 
line down 30 to 35 ft. from the ground 
surface. Due to the previous trouble 
we had an electrician check the circuit 
and he could find nothing wrong with 
it. He said he had made no correction 
but that the power came back on. The 
sump pump has been operating without 
trouble since then. This is another 
puzzle for which we are still seeking 
a solution !) 

March 16—The first real spring rains 
arrived today and the temperature 
shot up to 64° in the afternoon. Heavy 
showers at 4:00 and 9:00 P.M. necessi- 
tated pumping rates approximately 3 
times the dry weather flow. 

March 17—Spring showers may be 
wonderful for spring flowers but their 
effects on sewage treatment plants 
sometimes are not so beneficial. For 
example, yesterday’s spring ‘‘show- 
ers’? caused (1) flooding of the 48-in. 
Venturi meter pit; (2) deposition of 
large amounts of sand in the primary 
clarifier sludge hoppers, which had to 
be flushed out twice before raw sludge 
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could be removed; and (3) clogging 
of the raw sludge header with sand 
from the primary clarifier hoppers. 
March 18—Sometime during the night 
a section of lawn along the west side 
of the aeration basins settled so that 
several truck loads of dirt were re- 
quired to level up the ground. A 
search was made for underground leaks 
but none were located. Luckily there 
were no pipes or conduits underground 
at this location or they certainly would 
have been sheared off: 

No. 7 agitator broke down. A new 
erid spring was placed in the coupling 
and the agitator placed back in opera- 
tion. The sludge hoppers in primary 
clarifiers were again clogged by sand. 

Anyone but an operator reading the 
record of the last few days would un- 
doubtedly get the idea that running 
a sewage treatment plant consisted 
mainly of repairs and trouble. These 
few days have been a little extreme 
as to troubles, mostly of a minor na- 
ture, but an operator has to be philo- 
sophie and, speaking in the vernacular, 
be able ‘‘to take it.’’ 

March 19—While all the maintenance 
trouble of the last three weeks has 
been occurring, the diffuser cleaning 
crew has cleaned the tubes in No. 1 
aerator and partially cleaned those in 
No. 2 aerator. 

March 21—No special maintenance 
work required today and everyone had 
time for routine work. The time 
available made it possible to survey 
plant operation for the month. So 
far this month sludge indices have 
ranged from 220 to 470. Effects of 
the high indices are not apparent. 
Solids and B.O.D. of final effluent are 
low and about where they should be 
for a normal index. Low B.O.D.’s in 
the final effluent indicate that nitrifi- 
cation is not causing the sludge to 
settle so lightly. Since the results are 
satisfactory we refuse to worry about 
the high sludge index but would be in- 
terested in knowing what is causing it. 
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March 23—Sludge removal from the 
drying beds is ‘‘business’’ here at 
Gary. Sludge is given away free for 
loading and hauling, which means we 
do not have to remove it from the dry- 
ing beds. The saving effected is ap- 
plied to our budget. Any saving indi- 
eated on the budget acts like a tonic. 
With the public removing the sludge, 
operation of drying beds consists of 
removing and replacing sludge boards, 
and draining sludge digesters. With 
this program, man-hours for sludge 
disposal are kept at a minimum. (Edi- 
tor’s Note: Permitting the public to 
remove sludge from drying beds is 
not practiced at most plants because 
of the resultant bed damage. At 
Gary, however, the plant site is prac- 
tically pure sand and the sludge beds 
were constructed by scooping out 
enough top sand to provide berms. No 
underdrains are required and resand- 
ing the beds will never be a problem.) 
March 25—Our chief operator dis- 
covered a break in a 6-in. line earry- 
ing final effluent to the rock garden. 
With about 600 lineal feet of this line 
consisting of straight pipe located in 
the open, the leak, of course, would 
occur under a sidewalk. It was un- 
covered and repaired, but the labor- 
ers had to watch their heads, for the 
depth of cover under the sidewalk 
was only 414, feet. 

March 26—Sludge customers having 
cleaned 13 sludge beds, each 44 ft. by 
125 ft., end boards were replaced and 
banked with sand. Now we’re ready 
for a refill. 

March 28—After some springlike 
weather, snow storms returned yester- 
day and today. Low flows today in- 
dicated trouble somewhere in the col- 
lection system. A cable was found 
that had pulled out of the gate on 
one of the storm sewer regulators. As 
a result the diversion gate had closed 
diverting’ all the flow from a 108-in. 
sewer to the river. A block and tackle 
had to be used to open the gate and 
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divert the flow back into the inter- 
ceptor. 

March 31—March ended cloudy and 
cool. This was a good month, with 
numerous maintenance problems. Al- 
though the sludge index ranged from 
a low of 187 to a high of 470, with an 
average of 320, treatment results were 
good. The final effluent averaged 5.9 
p.p.m. suspended solids and 7.2 p.p.m. 
B.O.D. 

April 3—The first of the April show- 
ers arrived today and from midnight 
until 8 A.M. we had to pump at a 40 
m.g.d. rate. A ground in the 440-volt 
circuit necessitated shutting down the 
secondary treatment during the late 
afternoon and early evening, when re- 
pairs to the circuit were completed. In 
addition, a small lift station went out 
of service resulting in. basements be- 
ing flooded on the south side in after- 
noon. More good public relations in 
reverse! The heavy rains washed so 
much trash into the suction well that 
the pumps could not operate properly. 
April 7—Siens of spring—the grounds 
keeper cleaning up and trying out the 
lawn mowers! 

The diffuser tubes in No. 5 aerator 

are being replaced after cleaning. The 
No. 5 agitator was taken down and 
the high speed pinion was found to 
be broken and the drive shaft damaged 
beyond repair. 
April 10—Here is a typical mainte- 
nance day—without breakdowns: north 
erit collector cleaned in morning, two 
comminutor pits cleaned, emergency 
overflow pipes on digesters flushed 
thoroughly, oil filter changed on No. 
3 gas engine, grass seed sown on bare 
spot on lawn in front of building. 

Just for the record, all of the equip- 
ment does not require continuous 
maintenance. There are 8 plant units 
that have been running continuously 
for over 7 years, being shut down only 
at short intervals because of other 
maintenance work. The only attention 
given them has been proper oiling and 
ereasing at stated intervals. In the 
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main, manufacturers have done a very 
good job in developing sturdy and re- 
liable equipment that stands up under 
continuous service. 

At times the amount of grit we re- 
ceived at the plant is amazing. One 
test showed that for one hour grit 
removal was at the rate of 3.3 cu. yd. 
per million gallons. No, that is not a 
misprint; cubie yards is correct. At 
many plants the annual average re- 
moval of grit is from 1.0 to 2.5 eu. 
ft. per million gallons. At Gary our 
annual average for 1946 was 8.18 cu. 
ft. per million gallons. 

The test noted above was taken when 
the man in charge of grit removal hap- 
pened to remark that it looked as if 
the grit was coming in pretty fast. He 
was told to check the grit cars loaded 
during one hour and see how many 
he took out. The result was five 18- 
cu. ft. industrial cars, and the rate of 
pumpage at the time was approxi- 
mately one million gallons per hour! 
This test did not necessarily reflect 
maximum removal. In contrast, there 
will be times during dry weather when 
less than one car of grit will be re- 
moved in 24 hours. 

When such a slurry is being handled 
by comminutors, raw sewage pumps, 
and grit removal equipment, it is easy 
to understand why excessive wear re- 
sults. The third set of impellers for 
the raw sewage pumps has been on 
order for over one year. The pump 
manufacturer has made a study of our 
conditions and has worked on the prob- 
lem of increasing the life of the im- 
pellers by using various alloys. 

April 11—Cleaned the sumps in the 
primary air filters. Found consider- 
able dirt in the bottom of pans which 
is a visual demonstration that there is 
dust in the air about the plant. Cellu- 
lose secondary filters are used in series 
with the multipanel air filters. 

April 14—The first lawn was cut to- 
day in front of the main building. One 
of the sewage lift stations was entered 
during the night by breaking down 
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the door. No damage indicated, ex- 
cept to the door. There must be more 
profitable door-breaking possibilities 
than sewage lift stations! 

April 17—Aerator No. 2 developed a 
crack in the floor. Apparently this 
was caused by upward water pressure. 
Since there are several well points and 
check valves in each aerator to relieve 
the floor, from uplift pressure, this 
came as quite a surprise, particularly 
since the well points were functioning 
at the time and there were several 
other aerators also drained down. 
These were immediately filled with sev- 
eral feet of water to prevent any fur- 
ther damage. 

April 18—A new thermal protection 
unit was installed on No. 5 engine. 
We found that No. 5 was not getting 
the proper thermal protection when 
the jacket water went to a temperature 
of 175° F., and that the engine was not 
shut down by the thermostatic control. 
Engines No. 4 and 5 are protected for 
172°, while No. 1, 2 and 3 are set for 
about 10° lower. These settings are by 
the manufacturers of the respective 
groups of engines, which accounts for 
the difference in the settings. The 
manufacturers recommend operating 
temperatures lower than those ordinar- 
ily encountered in operating automo- 
biles. No. 4 and 5 run at about 140° 
F. and No. 1, 2, and 3 at about 145°F. 
April 22—Summer is in the offing. 
Screens were placed on the main build- 
ing today and the heat was cut off. 
Maintenance is very much routine 
now, draining sludge from digesters, 
cutting lawns, flushing drain lines, ete. 
April 27—The return sludge line from 
No. 6 secondary clarifier stopped up, 
and when discovered the tank was giv- 
ing a very good imitation of bulking. 
The stoppage must have occurred some 
time during the night for the sludge 
blanket level was at the water surface 
in the tank. 

April 30—The month ended very 
quietly with a warm summery day. 








The sludge index is still up but, as 
before, has had no effect on the treat- 
ment results, which are satisfactory. 
Purchased power consumption was 
down about 21,000 kw.-hr. as a result 
of higher rates of gas production. 
Aeration was carried 100 per cent on 
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gas, and raw sewage pumping 94.5 per 
cent. With a reduction of cost over 
the previous month and the plant fune- 
tioning properly, what more could an 
operator ask for? Nothing! But 
we’re keeping our fingers crossed— 
and our eyes open! 


INTERESTING EXTRACTS FROM 
OPERATION REPORTS 


‘*The best that a man ever did shouldn’t be his yardstick 


for the rest of his life.’’ 


—Louis F. Swift 





Illinois Bldg., Champaign, Ill. 





Attention operators! It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage Works Associations, Room 325, 








Sixth Operation Report of the Sewage Treatment and Garbage Disposal 
Plant, Marion, Ind. for the Year 1946 * 


By Davip BACKMEYER, Superintendent 


Type of Plant 


The Marion plant is of the separate- 
sludge digestion, diffused-air activated 
sludge type. Municipal garbage is re- 
ceived at the plant, ground, and 
pumped directly to the digesters. 


Change in Garbage Payment Policy 


During the past years it has been 
the policy of the Sanitation Depart- 
ment to pay to the City General Fund 
a fee of $1.00 for each ton of garbage 
delivered to the sewage treatment 
plant. This transfer of funds was dis- 
continued on September 30. A review 
of the operation data on hand indi- 
eated that from a financial standpoint 
this transfer of funds was no longer 
warranted. This change of policy was 


* For previous extracts see THIS JOURNAL: 
18, 2, 317 (March, 1946); 16, 5, 1000 
(Sept., 1944); and 14, 3, 722 (May, 1942). 





due primarily to the increase in main- 
tenance costs of the garbage-grinding 
and sludge digestion facilities. 


Gas Recovery 


The recovery of sewage gas from the 
digestion of the sewage and garbage 
solids continued to provide the fuel 
requirements for all of the heat and 
74.9 per cent of the total plant power 
load. The total cubic feet of sewage 
gas produced was practically equal to 
that of 1945, and the value of the gas 
utilized was estimated at $11,077.50. 


Sale of Liquid Sludge 


Total receipts from the sale of the 
liquid byproduct sewage sludge was the 
greatest for any year to date, although 
the increase in cost of operation of this 
department resulted in a net operation 
loss of about $3,500 for the vear. 
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Excerpts from the Daily Diary 

As per the suggestion of the Hart- 
ford Insurance inspector, both the 50 
psi. and 250 p.s.i. air storage tanks 
are raised 14, in. from concrete bases 
to allow air passage under bottoms of 
tanks and eliminate any possibility of 
moisture accumulation at tank bottom. 

Quarry pond adjacent to plant in 
good condition for skaters. Mr. Cham- 
bers provides music for the evening 
crowd by playing recordings over am- 
plification system installed on roof 
ledge of digestion tank. 

Limit torque control on sluice gate 
is not set properly. This is one of 
very few pieces of equipment that we 
do not have operation drawings for 
in our equipment files. 

No. 3 gas engine, 75 hp., driving 
blower, is shut down for regular in- 
spection after run of 6,614 hours. All 
rod bearings in this engine were in 
bad condition and had to be replaced. 
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Bearing shells were cut to exact size 
at machine shop, but the fitting job 
done in mounting the shells was very 
poor. Some of the trouble may also 
be attributed to poor quality lead-base 
bearing babbitt sold during the war 
when tin was not available. The bond 
of the babbitt to the brass bushing was 
bad. 

Check on temperature of bottom 
sludge in primary digester indicated 
circulation was needed. Recirculating 
sludge in this tank increased bottom 
temperature from 58° to 84° F. 

Electricians complete rewiring job 
at plant which involved changing and 
replacing practically all circuits which 
were originally installed with lead 
sheath cable. Overhead fully exposed 
conduits would have been a much bet- 
ter original installation. 

Two mereury vapor lamps installed 
in compressor building where vibra- 
tions cause early failure of incandes- 
cent bulbs. 


TABLE I.—Summary of 1946 Operating Data, Marion, Ind. 


Average 
Total TAMIAMI) oo occ cee cs 29.46 


Estimated tributary population. ... 30,000 
Equivalent population (from B.O.D.) 39,100 


Item 


Sewage flow (m.g.d.).............. 4.59 
Suspended solids (not including gar- 
bage solids): 

Raw (py M.) 6s es 6 Gane one 187 

Primary tank effluent (p.p.m.). . . 139 

Final effluent (p.p.m.)........... 13 

Overall removal (%)............ 93.0 
B:O:0:; 

COLCA O26 PAM a a 174 

Primary tank effluent (p.p.m.)... 152 

Final effluent (p.p.m.)........... 13 

Overall removal (%)............ 92.8 
Activated sludge: 

Detention in aerators (hr.)....... 4.04 

Sludge index (Mohlman)........ 91 

Suspended solids mixed liquor 

P52 5 civic ees Wo to's ada 2,669 

Raw sludge: 

Thousand gal. pumped.......... 728.2 

DOtalBOUGS (Gh). ck es ecw ees 4.36 

Volatile solids (%).............. 66.8 

Solids in supernatent (1,000 lb.).. 61.68 
Digested sludge: 

WOUMMBGHGS (9). v6.5 5.46.6.0 00's 00s 3.12 

Volattie AGHdS (9%)... 265.5605. 53.4 





Item Average 


Dry solids removed (tons per 
111 (0) 1) gS ea 95 
Garbage disposal: 


Green garbage to grinders (tons).. 1,300.7 
Ground garbage to digesters (1,000 

1a 1 2 Ee Gk A ps nie egret 656.33 
"POtgl SOMOS CG) > occc5c 5. sce oie 6.82 
Volatile solids (%).............. 90.7 


Digester gas production: 
Total gas produced (1,000 cu. ft.). 23,566 


Cu. ft. gas per capita per day.... 2.42 
Cu. ft. gas per lb. volatile....... 10.12 
Percentage of total power fur- 

nished by digester gas......... 74.9 

Treatment costs ($): 

Cost per ton dry solids removed. . 3.61 
Revenue from sludge sales....... 1,703.85 
Net cost per ton dry solids re- 

BO VOCE aos. hv ee aie orecy eines yh H 
Gas and power cost per 1,000 lb. 

BOLD. POMOVER. 66. oh c e cs 1.79 
Labor cost per 1,000 lb. B.O.D. 

oii 1 2. ee i oe. ee 9.57 
Cost per million gal. sewage 

io 0 hae ae aed 20.28 
Cost per 1,000 Ib. B.O.D. 

MOMAVO 5055s 5 cd ees dink 15.18 
Cost per capitia*............ 1,26 


* Does not include new equipment bought or financial charge on plant investment. 








New drag shoes being put on sludge 
collector in No. 2 primary settling 
tank. Analysis of sludge fertilizer as 
reported by Purdue University is: 
total N—2.66 per cent, total phosphate 
—3.7 per cent, and potash—none. 

Piping changed in basement of serv- 
ice building so that sludge meter can 
‘be checked by pumping into truck tank 
and weighing contents of load. 

With two blowers operating against 
a head of 8.3 p.s.i. on the discharge 
about 70 hp. The gas engine-driven 
unit was 80 amp., or an equivalent of 
about 70 hp. The gas engine driven 
blower operating with the electric 
driven unit was therefore running at 
about 93 per cent of its rated 75 hp. 
capacity. 

Due to marked increase in building 
replacement costs coverage for insur- 
ance on plant buildings is increased. 

Aeration tank No. 1 is shut down 
to give tubes much needed cleaning 
before canning plant waste arrives. 
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Chromic acid, made up according to 
Chicago Pump Co. specifications, used 
for cleaning solution. 

Seven teen-age girls are having 
erand time using our effluent creek 
for wading pond. When told that the 
source of the water was the outlet of 
the sewage treatment plant the party 
disbanded almost immediately. 

Brass tubes in heat exchanger are 
24 months old today. Life span of 
two previous sets of iron tubes was 
30 months and 22 months. 

Machined mandrel made up to give 
pattern of crankshaft for fitting bear- 
ing bushings in work shop. This will 
save the operator doing the work a lot 
of unnecessary walking. 

Arrangements being made to draw 
raw sludge through sight-valve to 
sludge well in effort to get higher 
solids coneentration in the sludge. 

Operating data for the year are 
eiven in Table I. 


1946 Report of the Sewage Treatment Plant, Dayton, Ohio 


By Luoyp C. HurrMan, Superintendent 


The sewage treatment plant oper- 
ated 365 days with but one stoppage. 
This was caused by an insulation fail- 
ure on one phase of the high tension 
line just before it entered the pot head 
on the underground conduit leading 
to the transformer vault. 

The total sewage flow for the year 
was 12,800 million gal., with approxi- 
mately 266 million gal. of raw sewage 
bypassed during January when new 
mechanically-cleaned bar screens were 
installed in the wet wells at the Broad- 
way pumping station. 


Description of Sewage Treatment 
Units 
Skimming Detritus Tank 
Two units—40 ft. dia., 1514-ft. wall 
depth; capacity 37,000 cu. ft.; deten- 
tion—15 min. @ 26 m.g.d. 


Grit Channels 


Two mechanically cleaned units. 


Fine Screens 


Two Dorr self-cleaning screens, 4 ft. 
by 6 ft. with \-in. by 2-in. slots; 
two bucket-type elevators; hydraulic 
screenings press and pump, pressure 
capacity 100 tons. 


Imhoff Tanks 


Six units, horizontal flow; length 
88 ft., width—7334 ft.; sedimentation 
compartment—88 ft. by 914 ft. with 
13-ft. total water depth; sedimentation 
period—2.2 hours, vol.—1.24 ecu. ft. 
per cap.; sludge.compartment: vol.— 
429,000 eu. ft.; gas vent area—2.3 per 
cent total tank area; gas collected from 
all tanks. 
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TABLE II.—Summary of 1946 Operating Data at Dayton, Ohio 


Item Average 
“AEE CO 30.46 
River flow (c.f.s.): 
Max. month, @ve.............. 3,713 
Min; month, ave............... 260 
Ave. for all months............ 1,588 


Tributary population, equivalent. . 358,520 
Sewage flow: 


WOURL MES) oc cio eek cease .- 13;820 
Ave. daily (m.g.d.)....... : 35.17 
Ave. max. hourly (m.g.)........ 1.86 


Bar racks and detritus tanks (lb. 
dry solids removed): 


Detritus skimmings............ 34,500 
Detris grb... 5... 2s. ..... 6,600 
Detritus Screens... .........5. 568,000 


Broadway station detritus racks.448,000 
Suspended solids: 


Raw (9-paNs).......... eee ee! 259 
Settled (p.p.m.)....... ; 100 
Filter eflluent (p.p.m.). . 80 
Final (p.p.m.)... 36 
Per cent removal , 86.5 
B.O.D. (5-Day): 
Raw (p.p.m.)... 208 
Settled (p.p.m.)...... 119 
Filter effluent (p.p.m.). . . He 43 
Final effluent (p.p.m.).......... 27 
Per cent reduction............. 86.8 


Filter loadings: 
RECTION 6.6.35 Soe cse ot re 35.12 
M.g. per acre-ft. per day....... 3.64 
Pounds B.O.D. per acre per day. 3,757 
Pounds B.O.D. per acre-ft. per 


REO ie ease testa eat, Sasiee ese a 474 
Pounds B.O.D. per 1,000 cu. ft. 
HUGE THOGIA 2% soos ee soa es 10.86 


Trickling Filters 

Twenty units, each 165 ft. dia., 714 
ft. slag depth; total area—9.81 acres; 
total vol.—3,200,000 cu. ft.; 20 auto- 
matic siphons and rotary distributors. 
Final Settling Tanks 

Six units, 80 ft. dia., 9 ft. sidewall 
depth; capacity—45,300 cu. ft.; me- 
chanical sludge collection. 
Concentration Tank 

One unit, 10 ft. by 10 ft. by 75 ft. 


Sludge Digesters 


Six units; 50 ft. dia., 22-ft. sidewall 
depth; floating covers. 








Item Average 


Material removed from Imhoff 
tanks (pounds dry solids per 


month): 
To digesters—12 mo........... 644,000 
To lagoon—11 mo........ . 2 SECS 
To drying beds—9 mo.......... 207,000 
To river—2 mo........... 103,000 


Material removed from digestion 
tanks (pounds dry solids per 


mo.): 

To drying beds—4 mo.......... 86,000 

To lagoon—11 mo... . 248,000 

To river—4 mo... 214,000 

Elutriated—6 mo........ 142,000 

Gas produced (1,000 cu. ft.): 

WPM Solace ester Abies cee eee 30,200 

DNC a rr .. 48,100 

gf 05 Ae a 73,300 

Fertilizer operations: 

Operation costs ($):.... 4,031.32 
Personnel...... 2,690.94 
Equip., supplies. 1,340.38 

Total sales ($):.. 10,441.91 


Retail... .. 744.15 

Wholesale. . 9,697.76 

Profit ($).... 6,410.59 
Farm operations ($): 


WROORIO Nyt ce xe oe 8,684.73 

Expenditures....... 6,914.98 

10), eee sate 1,769.75 
Sewage plant costs ($): 

AGMMIStrAUION.......6 6.000 eels 7,760.37 

Operation....... 82,315.98 

Maintenance...... .. 14,127.27 

2 NGO Se eee Greer ae ere . 104,302.62 
Net sewage plant cost ($)........ 97,793.03 
Net sewage plant cost per m.g. 

sewage treated ($)............. 7.63 


Sludge Beds 

Eleven covered beds, total area 
105,000 sq. ft.; seven open beds, total 
area 71,6000 sq. ft. 
Garbage Grinder 

Jeffery. 


Fertilizer Equipment 


Herreshoff multiple hearth furnace, 
25 ton dry solids per 24 hr. capacity, 
and appurtenances. 


Operation Data 


A summary of operation data for 
the year is given in Table IT. 
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TWO SOUTH TEXAS SEWER ACCIDENTS 
TAKE FOUR LIVES 


By Oto PAGANINI 


Sanitary Engineer, Hidalgo County Health Unit, Edinburg, Texas 


Within the short space of 25 days, 
sewage works accidents claimed the 
lives of four South Texas sewage works 
men. Press reports labeled the deaths 
accidental, but in every respect these 
deaths were preventable. Even a mini- 
mum of caution and safety-mindedness 
would have made them impossible. 


First Accident 


In the first ‘‘accident,’’ a sewage 
works superintendent and his assistant 
lost their lives in a sewage lift station 
wet well, in an attempt to repair de- 
fective pump control floats. 

The wet well is of conventional con- 
struction—®5 ft. in diameter and 14 ft. 
deep. The vertical, submerged, elec- 
trically driven sewage pumps and the 
float controls are supported by a solid 
metal plate which constitutes the top 
of the wet well. Access to the wet well 
is through a 14-in. by 20-in. manhole 
opening between the float controls. 
The 12-in. trunk inlet sewer enters the 
wet well 5 ft. below the wet well top 
and directly beneath the entrance man- 
hole. Ventilation of the wet well is 
supposedly provided by a 4-in. diam- 
eter stack which extends from the top 
of the wet well and vents through the 
lift station wall, about 4 to 5 ft. above 
the ground. A brick wall, 6 ft. high, 
surrounds and protects the pump mo- 
tors and float controls from the weather. 
Originally, a circular split-hatch type 
cover on top of the wall provided the 
only access to the pump motors and 
the wet well. 

The lift station is part of a new 
sewerage system which had been in 
service for only about three months. 
The 12-in. trunk sewer discharging at 
the lift station is about 2 miles long. 
Upon completion of the lift station 





the superintendent and the writer had 
discussed the difficulty of servicing the 
pumps and motors, since the only en- 
trance to the pump room was through 
the top opening. As a result of the 
discussion, a 2314-in. by 4314-in. door 
opening was cut out on the west side 
of the station. 


Previous Exposure 


Three weeks prior to the accident 
the superintendent had entered the wet 
well and installed a 2-in. by 4-in. wood 
brace between the guide tubes of the 
float rods. This was done to prevent 
the floats from hanging on the wall of 
the wet well and causing the pumps 
to operate continuously, which had 
previously happened. The superin- 
tendent had encountered no difficulty 
while doing this work. 

On the day of the fatalities the 
superintendent and his assistant went 
to the lift station about 10:30 a.m. to 
repair the pump control floats, which 
were leaking. Previously, the superin- 
tendent had informed his wife to send 
someone after him if he did not return 
home for lunch, since the work he was 
going to do was hazardous. 

At the lift station the superintend- 
ent apparently tried to remove the float 
valve and guide rod mechanism from 
the wet well by lifting them out from 
the top. The 2-in by 4-in. wood bracer 
between the float rod guide tubes evi- 
dently prevented this. It is assumed 
that the superintendent then removed 
the manhole cover, placed a ladder in 
the wet well, and proceeded to descend 
into the wet well to remove the wood 
brace. In all probability he was over- 
come and either slumped on the ladder 
or fell to the bottom of the wet well. 
The body showed several bruises. In- 
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formation as to whether the electric 
power was off was not available; how- 
ever, the possibility of electrocution is 
discounted. Meanwhile, the assistant, 
seeing the superintendent was in diffi- 
culty, apparently also descended into 
the wet well and was similarly over- 
come. 

When the superintendent did not re- 
turn home for lunch, his wife called 
the city hall. The city secretary ac- 
companied by the mayor, immediately 
went to the lift station. Although no 
one was observed, there was evidence 
that the men had been working there 
and had probably left for home. A 
check soon revealed that they had not 
returned home. The city secretary and 
the mayor returned again to the lift 
station where, about 2 p.m., they dis- 
covered the bodies by probing the wet 
well with a long pole. The Fire De- 
partment was called and removed the 
bodies with grappling hooks. A ver- 
dict of ‘‘accidental suffocation with 
subsequent drowning’’ was given as 
the cause of death by the investigating 
justice-of-the-peace. 


Inspection of Lift Station 


The superintendent and the writer 
had inspected the lift station wet well 
just a few days prior to the accident 
and had discussed the manner in which 
the floats could be removed and re- 
paired. The superintendent was aware 
of the hazards involved in entering the 
wet well and was cautioned not to 
enter the wet well without providing 
adequate prior ventilation or without 
observing the proper precautions. He 
was also advised that the float rod 
guide tube and float rod mechanism 
could be removed without entering the 
wet well. 


Second Accident 


In the second ‘‘accident,’’ a drain- 
age well was being used to dispose of 
the sewage and industrial wastes from 
a local citrus-packing shed by discharg- 
ing the wastes into a subterranean 
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gravel stratum. The cistern of this 
drainage well (see Figure 1) is 10 ft. 
in diameter and 12 ft. in depth. At 
the center of the cistern floor there is 
a 4-in. casing discharging to a subter- 
ranean gravel stratum 50 ft. below the 
ground. The cistern is covered with 
a concrete roof having a 24-in. man- 
hole in the center for entry purposes. 
Adjacent to the drainage cistern is lo- 
cated another cistern which is 8 ft. in 
diameter and 12 ft. in depth, and 
which is used as a settling basin to 
trap organic solids, and thus prevent 
plugging of the drainage well. 
Difficulty was being encountered 
with the drainage well in that it would 
not carry off the waste water fast 
enough. On the date of the accident 
attempts were being made to unplug 
this well. The cistern was emptied 
from the ground by the use of hand 
lines and buckets. After the cistern 
was empty, a man was instructed to 
enter the cistern and pour Sani-Flush 
into the drain well. He was cautioned 
to come out of the cistern immediately 
after emptying the cans. The man 
did not come out as instructed, and 
shortly collapsed. A second man volun- 
teered to go into the cistern after the 
first one. A line was tied around him 
and he was given a second line to tie 
around the body of the first man. 


Second Man Overcome 


Information is vague concerning 
what happened when the second man 
reached the bottom of the cistern. Ap- 
parently the upper end of the line to 
be used for removing the first man 
was accidentally dropped into the cis- 
tern from above. The second man then 
took the line attached to his own body 
and tied it around the body of the 
first man. He then lost consciousness. 
The first man was removed as a third 
man went into the cistern without any 
protection other than holding his 
breath. This third man was able to 
tie a rope around the second man but 
experienced respiratory difficulty while 
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FIGURE 1.—Drainage-well cistern of citrus-packing company. 


climbing out of the tank and collapsed 
upon reaching the top of the cistern. 
The first and third men were revived 
and taken to the hospital, but nothing 
could be done for the second man. The 
first man lived until the next morning, 
and the third one recovered. 

The cause of death in both accidents 
can only be surmised. If there was 
a high percentage of hydrogen sulfide 
present or a deficiency of oxygen, 
either one of these conditions could 
have resulted in the death of these 
men. The lack of sufficient oxygen in 
the atmosphere may have been the pri- 
mary cause of death, although a fairly 
high concentration of hydrogen sulfide 
would have materially contributed to 
the asphyxiations. 

Three weeks after the first accident, 
tests were made of the atmosphere in 
the sewage lift station wet well. At 
that time the H.S concentration was 





200 p.p.m., the O, content 20 per cent, 
and the CO, content 0.3 per cent. 
There was no explosive gas present. 
No tests were made of the atmosphere 
in the drainage well cistern of the 
citrus-packing company. 

The most significant fact concerning 
these regrettable accidents is that they 
were preventable. A proper apprecia- 
tion of the hazards involved and an 
intelligent use of available protective 
devices would have saved four lives. 
The safety precautions which must be 
observed when working in potentially 
toxic or oxygen deficient atmospheres 
should be as familiar to every sewage 
works man as his name. These are 
clearly and understandably discussed 
in the Federation’s Manual of Prac- 
tice No. 1—‘‘ Occupational Hazards in 
the Operation of Sewage Works.’’ 
Briefly summarized, these safe prac- 
tices are as follows: 
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1. Both supervisory and labor sew- 
age works personnel, together with 
local firemen and policemen, should be 
thoroughly acquainted with the haz- 
ards involved when working in and 
about sewage works. 

2. No one should enter a confined or 
enclosed sewage works area unpro- 
tected, unless the area has been proven 
safe for entry. 

3. All sewage works pump pits, wet 
wells, manholes, or other enclosed spaces 
should be provided with means for 
positive ventilation and should not be 
entered until tested for toxic and ex- 
plosive gases and oxygen deficiency. 
Persons testing enclosed spaces should 
wear approved (U. S. Bureau of 
Mines) protective equipment. Test 
equipment, such as H,S and CO detec- 
tors, oxygen deficiency indicators, ex- 
plosion meters, ete., should be of an 
approved type. 

4. Whenever an individual must 
enter a confined or dangerous area, a 
safety belt with attached line should 
be worn, with one or two men attend- 
ing the individual so that he can be 
removed from the area if difficulty is 
encountered. The surface end of the 
life line should be secured to prevent 
its loss. 

5. When extended work is required 
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in dangerous closed spaces, positive 
ventilation should be provided by 
means of a nonsparking blower having 
sufficient capacity to effect a complete 
change of air every 2 minutes. The 
intake of the blower should be located 
so that only fresh, clean, safe air is 
conveyed to the working area. 

6. Approved (U. S. Bureau of 
Mines) respiratory:protective equip- 
ment, such as self-contained oxygen 
masks and hose masks, should be used 
when entry must be made into areas 
which have not been proven safe, or 
which have been proven unsafe. Re- 
moval of toxic gases or oxygen defi- 
ciency by natural draft or forced ven- 
tilation can frequently convert unsafe 
areas into safe working areas. This 
practice is preferable to the wearing 
of any type respiratory-protective 
equipment. Because _ self-contained 
oxygen breathing masks are compli- 
cated for general use and require spe- 
cial training for safe use, the hose mask 
is the preferable respiratory protector 
for workers in sewage works areas 
containing dangerous atmospheres. 
Canister masks of any type should not 
be worn in sewers or digestion tanks 
because of the possibility of oxygen 
deficiency and, in the case of sewers, 
of petroleum vapors being present. 
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Something New in Sewage Works 
Revenue 


Arthur Morrill, for many years with 
the Department of Water Supply of 
Detroit, and U.S.P.H.S. representative 
in China during the war years, has re- 
turned to China where he will be 
working with the Ministry of Health 
in his capacity as consulting sanitary 
engineer for the World Health Organi- 
zation of the United Nations. While 
waiting a few days at the fabled 
Cathay Hotel in Shanghai before re- 
suming his journey to Nanking, he 


found time to write us about the latest 
in sewage works revenue schemes, Chi- 
nese style. His report follows ‘‘ 

Enclosed is a clipping from the Shang- 
hai Evening Post tonight, a new idea 
for financing sewer systems. The movie 
film distributors don’t seem to like it 
but it appears like a swell scheme to 
me. This Chungking sewer system is 
the most successful thing I have been 
connected with so far. The city bor- 
rowed the money from the government 
banks and I have been wondering how 
they were going to pay it back. This 








is the first I have heard of the special 
tax on movie tickets. Probably only 
a small fraction of the total cost is 
coming from that source.’’ 

The clipping referred to concerns a 
proposed 20 per cent ‘‘winter relief 
surcharge’’ on the gross receipts of 
Shanghia theaters. In discussing the 
proposed tax, the film distributors re- 
vealed they already have experienced 
a series of similar surcharges in Chung- 
king, Kunming, and Changtu, where 
authorities placed a profit-cutting sur- 
charge on admission tickets for such 
‘*projects’’ as ‘‘the building of a sew- 
erage system.’’ The ‘‘surcharge’’ is to 
be in addition to the existing 25 per 
cent amusement tax and 5 per cent 
stamp tax. 

If the films being shown in Shang- 
hai bear any resemblance to those mak- 
ing the rounds of the local movie man- 
sions, one can understand where the 
sensitive Chinese got the idea for a 
sewage works tax. It should catch on 
even in this land of obtuse perceptions, 
whose politicians, however, are not far 
behind the matter-of-fact. Chinese in 
spotting even a slight excuse for a new 
tax. Would such a tax in this country 
resolve the Johnston Office into a pollu- 
tion control agency ? 

Incidentally, in Shanghai, theater 
admissions now range from 15,000 to 
35,000 Chinese dollars, a fancy price 
to be sure, but not out of line with 
other costs, as reported by Arthur Mor- 
rill: ‘‘ ... This newspaper (Shang- 
hai Evening Post) cost 5,000 Chinese 
dollars, which is about five or ten 
U. S. cents, depending on what ex- 
change rate you have to use. Since I 
left in May they have introduced 
$10,000 bills, but it takes five or ten 
of them to buy a meal, so they are 
getting to be too small already.’’ 

Let’s count our lucky stars, and hope 
against hope that the day never comes 
when $500,000, or some other such 
ruinous figure, will be required to keep 
the S—EwaGE WorKs JOURNAL on your 
desk ! 
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Made-to-Order Rain Storms 


Activated sludge plant operators, 
who during the dry, hot, summer 
months anxiously scan the skies for 
signs of a refreshing rain, may be in 
line for some scientific help in the 
future. A new method for producing 
rain, by which ordinary water dis- 
persed in small quantities into actively- 
growing cumulus clouds initiates a 
*‘chain reaction’’ rainfall from such 
clouds, was disclosed by Dr. Irving 
Langmuir, associate director of the 
General Electric Company’s Research 
Laboratory, at a recent meeting of the 
National Academy of Sciences. 

Cumulus clouds having the charac- 
teristics necessary for the new rain- 
making method to be effective are 
found frequently in the summer in the 
northwest part of the United States 
and all year round over the South and 
the Pacifie Coast. 

Now that rain making has possibili- 
ties of becoming an order-filling propo- 
sition, it probably won’t be long until 
the harried sewage works man can call 
the municipal rain-maker and order a 
rain of the proper size when the days 
turn hot and dry, and the activated 
sludge index starts upward. Such a 
prospect is intriguing! 

A note of pessimism creeps into this 
dream, though. Who is to decide when 
it shall rain? And how much? And 
where? Already the Salt Lake City 
Chamber of Commerce has threatened 
federal court action against its Reno, 
Nev., counterpart for ‘‘milking’’ clouds 
of snow as they pass over Reno on their 
way to Salt Lake City! 





Iowa Sewage Works Association 
Starts Newsletter 

An information-packed news letter 
joins a fast-growing membership roster 
as concrete evidence of the increased 
activity of the Iowa Sewage Works As- 
sociation. The 4-page (legal size) 
mimeographed first edition presented 
more than a dozen items of interest to 
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Iowa sewage works men. Chief of 
these was an .account of the 1947 an- 
nual meeting at Cedar Rapids, and a 
report of the proposed training pro- 
gram for sewage works operators. 

The proposed training program is 
unique in several particulars. De- 
signed to take training information 
to the operators, the program is being 
developed as a home study training 
course, and will be administered by the 
Engineering Extension Service of Iowa 
State College. 

Sponsored by the Iowa Sewage 
Works Association, the Sanitary En- 
gineering Division of the Iowa State 
Health Department, and the Engineer- 
ing Extension Service of Iowa State 
College, the program is to consist of 
five courses of twelve lessons each. In 
general, the courses are to be prog- 
ressively arranged, the study material 
starting with the fundamental and 
basic features of sewage treatment and 
progressing through the more advanced 
and detailed aspects of the subject. 
The Engineering Extension Service of 
Iowa State College will send out the 
lesson material and will review the 
work of each student. 

Upon satisfactory completion of each 
course, the work will be graded and 
a certificate will be issued. Cost of the 
home study course will be $6 for each 
course of 12 lessons, with the entire 
series of five courses costing $30. 

The study courses have been pre- 
pared by Prof. W. E. Galligan of Iowa 
State College. In addition to the five 
courses now planned, courses dealing 
with Public Relations and First Aid 
will also be offered. 

A prospectus giving a general out- 
line of the courses of study offered 
may be obtained by writing the Engi- 
neering Extension Service, Iowa State 
College, Ames, Iowa. Information is 
not now available as to whether sew- 
age works men not residents of Iowa 
may enroll for these home study 
courses. 

President Charlie Alexander and the 
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members of the Iowa Association are 
to be commended for the excellent work 
the association is doing for all Iowa 
sewage works men. 





Caution Advised in Use of Self- 
Contained Breathing Apparatus 


Ever alert to new developments in 
sewage works safety practices, the Fed- 
eration’s subcommittee on ‘‘Occupa- 
tional Hazards,’’ through its chairman, 
LeRoy Van Kleeck, has directed atten- 
tion to the recent Bureau of Mines 
circular on the approval of the newly 
developed self-contained breathing ap- 
paratus (1.C. 7413, U. S. Bureau of 
Mines: ‘‘ Approval of Newly Developed 
Self-Contained Breathing Apparatus, 
Instructions in its Care and Use, and 
Training Procedure’’). 

Concerning the applicability of these 
newly developed breathing devices to 
the general sewage works field, Chair- 
man Van Kleeck states: ‘‘It is my feel- 
ing that our original recommendation 
to use a hose mask is the best and still 
stands for most cases. Operators. plan- 
ning to use the newly developed breath- 
ing apparatus should be familiar with 
the information in the Bureau of Mines 
eireular (1.C. 7413), particularly with 
respect to the bureau’s recommenda- 
tion that basic training should be re- 
quired in the handling of all types of 
self-contained breathing apparatus. It 
is of interest that on the last page of 
this circular it is stated that mine res- 
cue certificates will not be issued for 
training done with auxiliary types of 
breathing apparatus only, such as the 
four new types described in the cir- 
eular.”’ 

Self-contained breathing apparatus 
can be used with reasonable safety in 
an irrespirable atmosphere only by 
those trained in the care, use, and lim- 
itations of this equipment. Those with- 
out such training should continue the 
use of hose masks! 

Several copies of the Bureau of 
Mines Information Circular 7413 are 
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FIGURE 1.—Diagram of impurity load at the Mogden Purification Works, West 
Middlesex Main Drainage District (England). 


available at Federation headquarters 
and as long as the supply lasts will be 
sent to members free of charge upon 
request. The circular may also be ob- 
tained directly from the Bureau of 
Mines, Department of the Interior. 





Sewage Strength Reflects Community 
Activity 


Sewage works men have long known 
of the accuracy with which the quan- 
tity and character of sewage flow re- 
fiect the fluctuating trends of metro- 
politan and urban living. Of course, 
the advent of the melon season is obvi- 
ous even to the neophytes of a profes- 
sion whose veterans claim the ability to 
interpret the social and recreational 
life of their communities and even pre- 
dict the hills and hollows of next year’s 
population curve. 

This inherent ability of sewage to 
mirror the life processes of those whose 
byproduct it is, a fact but vaguely 
understood by the layman, has never 
been more graphically demonstrated 


than by the Impurity Load Diagram 
prepared for the Mogden plant of the 
West Middlesex Main Drainage Dis- 
trict, England, and presented in the 
paper ‘‘Operating Experiences—West 
Middlesex Main Drainage,’’ by C. B. 
Townend and W. T. Lockett at the an- 
nual summer conference of the Insti- 
tute of Sewage Purification last July 
at Glasgow, Scotland. 

The diagram, Figure 1, provides a 
remarkably faithful indication of the 
activities of the contributing district 
during the period covered and of the 
impact of every major event on these 
activities. 

Such a record was made possible only 
because the entire impurity load has 
been tributary to Modgen during pe- 
riods of rain as well as in dry weather, 
none being discharged into the rivers 
by storm overflows. The total. impu- 
rity load is shown as an index figure 
which incorporates the results of the 
following tests: (1) oxygen absorbed 
in 4 hours, (2) the albuminoid nitro- 
gen, and (3) the 5-day B.O.D., caleu- 
lated in relation to a basis of 100 for 
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the year 1936-37. The chart tells its 
own story and needs no comment. 
Sewage analyses at the Modgen plant 
also have clearly illustrated the effect 
of England’s food shortage and ration- 
ing on sewage strength. In prewar 
days the B.O.D. load of domestic sew- 
age amounted to about 0.155 Ib. per 
person per day. In recent years, how- 
ever, this has decreased to no more than 
(.120 lb. per person per day, or even 
less. This compares with the American 
standard figure of 0.167 lb. per capita. 
Dr. Karl Imhoff, in an unpublished 
report, indicated that due to the de- 
teriorating German war diets the gas 
vield at German sewage plants dropped 
from 30 to 40 per cent during the war. 
These facts are in stark contrast to 
our abundant diets, and bring back 
memories of our wartime complaints 
about rationing and limited food sear- 
cities. Now that food of all types is 
plentiful (?) onee, more, one wonders 
if the minor shortages of the war years 
limited our national diet enough to be 
reflected in day-by-day analyses of sew- 
age streneth. If the data were avail- 
able, an analysis of the changes in the 
American diet during the past three 
decades would be illuninating. Per- 
haps some inquisitive and truth-loving 
member of the profession will feel con- 
strained to search his records and 
chart for us his version of the rise and 
fall of America’s food consumption ! 





Tips for Longer Instrument Life 


The average sewage works man prob- 
ably knows less about metering and re- 
cording instruments than about any 
other type of sewage works equipment. 
Nearly all, however, have experienced 
the delay incident to the repair or re- 
placements of such devices and have 
looked more than once at the amounts 
of the ensuing bills. Due to the deli- 
cacy and complexity of these instru- 
ments, local repair, or even adjustment 
in some eases, is inadvisable. 

The suggestions for increasing in- 
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strument life and efficiency carried in 
the Nov.-Dee. 1947, issue of the J. W. 
Murphy’s Metering Messages, are 
worthy of study and application when- 
ever possible. A check-list of these sug- 
gestions follows: 


Correct Location 

Incorrect location and installation of indus- 
trial instruments causes more trouble and in- 
accuracy than fault or failure of the instru- 
ments themselves. Don’t neglect to install 
instruments where they can be properly serv- 
iced and protected. This is almost as im- 
portant as the basic requirement of being sure 
the measuring unit is installed so it measures 
the temperature, pressure, ete. desired. 


Assign Responsibility 

Preferably make all instruments in the 
plant the responsibility of one man or group 
of men for care and maintenance. Do not 
leave responsibility for this to the men op- 
erating the equipment on which the instru- 
ments are installed. Such practice often re- 
sults in complete lack of maintenance until 
instruments break down, or in harmful tam- 
pering by men who are not familiar with in- 
strument operation. 


Prevent Vibration 

Prolonged vibration and shock resulting 
from careless handling are chief causes of 
instrument failure. Minimize the effects of 
vibration by installing the instruments on 
instrument mounts—or, better yet, in loca- 
tions where vibration is not present. 


Keep Clean 


Infiltration of dirt causes most indus- 
trial instrument trouble next to excessive vi- 
bration. When instruments must be located 
in dust-filled atmospheres they are usually 
provided with dustproof cases. Such instru- 
ments should be opened infrequently—and 
then preferably in a room where care can 
be taken to keep the parts clean. 





Avoid Excessive Temperatures 


Excessive temperatures, both high and low, 
must be avoided at the point where the in- 
strument is installed. Instruments are built 
to give best operation at room temperature, 
approximately 70° F., and prolonged use at 
extreme temperatures affects instrument ac- 
curacy. 


Corrosion 


The operation of any instrument, regard- 
less of its function, will be impaired if it is 





located in a corrosive atmosphere. Corrosive 
fumes attack instrument finish, moving parts, 
and measuring systems—and may cause 
measuring error or erratic performance. 


Miscellaneous 


Excessive moisture will often harm indus- 
trial instruments. For installations where 
moisture cannot be avoided, a protecting case 
is recommended. 

Do not expose instruments to strong mag- 
netic fields. 

When installing or relocating instruments, 
make sure all connections are tight and free 
from dirt and moisture. 

Store charts in a cool, dry place. Keep 
charts flat, preferably in their original pack- 
age, until used. When recording instruments 
are out of service for any considerable length 
of time, shut off power to the instrument and 
remove ink from the pens. 

Be sure the instrument has ample over- 
range protection to prevent blowout at any 
pressure likely to be applied to the equip- 
ment or the line. 


Fluid Pulsation 


Fluid pulsation is another cause of inac- 
curacy and short life of pressure instruments. 
A shutoff valve placed ahead of the gage, 
and throttled until the pulsation stops, will 
overcome the condition but may result in 
clogging of the small opening. Gage snubbers 
have been used to overcome pulsation. One 
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type uses a large number of small passage. 
ways with changes in direction; in another, 
the inertia of a moving piston prevents rapid 
pulsation; and a third type employs a rubber 
diaphragm with the gage tube filled with 
glycerin, the latter throttled by passing 
through a felt retainer. 





Value of Federation Membership 
Demonstrated 


In contrast to the inflation item 
with which this section opened, con- 
sider the following. A few pages far- 
ther on, in the Consolidated Member- 
ship Directory to be exact, is proof 
positive of the value now inherent in 
Federation membership. Notice the 
MacSo-and-sos—good Scotsmen all, 
from MacCullum to MacRostie—who, 
with true instinct, recognized a value 
when they met one. And then further 
down the column notice the 106 MeSo- 
and-sos, who also know a good thing 
when they find it... Of course, in this 
latter group there are some Irish 
MeAuley, MeCreary, and McNamara, 
to name a few—which only proves the 
point! 
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Editorials 


MORE EMPHASIS ON BIOLOGY 


Of recent years there has arisen a 
friendly feud among sanitary engineers 
and chemists engaged in the sewage 
works field, predicated upon the rela- 
tive importance in this work of the two 
professions. The chemical engineers, 
who claim to embody the better ele- 
ments of both professions, referee the 
debate with tolerant condescension. 

There are indications, however, that 
a third specialist—the biologist—is 
finding greater interest and oppor- 
tunity in the problems of waste treat- 
ment and stream pollution control. 
There may come a day when he will be 
represented in the field in sufficient 
numbers to claim that his econtribu- 
tions belittle the offerings of the chem- 
ist and sanitary engineer. Let us hope 
that this happens soon (so long as the 
rivalry stays friendly), because we 
have much to learn from the biologist. 

In a recent issue of THIS JOURNAL, 
W. B. Hart observed that biological 
parameters of stream condition are 
perhaps more informative than are 
chemical parameters, but that both are 
important. Bartsch, in this issue, 
states that present biological determi- 
nations lack definition and refinement, 
yet his paper is an excellent demon- 
stration of the practical application of 
the science. Improved procedures. and 
specific biological standards will not be 
long in developing if sufficient atten- 
tion is centered on this field by the 
biologist. 

A manuscript now scheduled for 
publication will illustrate a case in 
which biological considerations govern 
stream requirements. A swamp stream 
is described, ‘‘contaminated’’ by sol- 
ids, color and organic matter deriving 
from its natural environment, yet 


valued for its fine fishing. The point 
is made that the bass, bream and 
perch in this river have become accli- 
mated to the natural conditions, and 
that the imposition of the usual water 
quality standards here would be un- 
necessarily strict and possibly detri- 
mental to aquatic life. The view is 
worth considering; if we presume to 
set standards that will protect fish life, 
it is logical that we analyze such 
standards from the viewpoint of the 
fish ! 

Chemical analyses alone do _ not 
begin to give the complete picture of 
the pollutional effects of many indus- 
trial wastes. One of the greatest 
needs of the moment is information on 
the toxicity of a wide variety of ele- 
ments and compounds occurring in 


. industrial wastes, which knowledge can 


best be supplied through biological 
science. 

The biological aspects of sewage and 
industrial waste treatment processes 
have by no means been ignored in the 
past, but we need to know a great deal 
more about them. When we ¢can an- 
swer completely the what, how, who, 
when and why of the organisms that 
populate our digesters, aerators and 
trickling filters, we shall simultane- 
ously solve the problems of treatment 
plant design and operation that are of 
present concern. 

There is only one small detail in 
doubt. Who will umpire the argument 
when the biologist, sanitary engineer 
and chemist each tries to establish the 
leadership of his profession within the 
field? Possibly from this triangular 
union will come a hybrid technician 
who will style himself as a ‘‘ Biochemi- 
cal Engineer,”’ to fill the breech! 
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WOMEN’S FEDERATION UNDERTAKES “CLEAN 
WATERS” CAMPAIGN 


Proponents of stream pollution con- 
trol received the support of a strong 
ally last October when the General 
Federation of Women’s Clubs adopted 
‘Clean Waters for America’’ as one 
of its activity programs. With a iotal 
membership of 3,000,000 women, the 
influence of the General Federation as 
exerted through its 17,000 local clubs 
should indeed be significant. 

The campaign is being introduced 
across the nation by means of a series 
of regional conferences, the first of 
which was held at Philadelphia on 
January 16. Club presidents and 
Welfare Committee chairmen from 
eight eastern states attended the one- 
day meeting, which was arranged with 
the assistance of the Interstate Com- 
mission on the Delaware River Basin. 
The program, high-lighted by an ad- 
dress by Governor Duff of Pennsyl- 
vania, provided factual information 
on the stream pollution problem in the 
eastern region. Concluding the ses- 
sion, Mrs. J. L. Blair Buck, president 
of the General Federation, instructed 
the delegates to inform themselves con- 
cerning stream conditions in their 
home localities, and to support ag- 
gressively every effort to correct mu- 
nicipal and industrial pollution. 

It is interesting to note that this 
campaign is a byproduct of the article 
‘‘Foul—But You Drink It!’’ which 
appeared in a recent issue of The 
Woman’s Home Companion.  Al- 
though this piece has stirred consider- 
able resentment among water works 
technicians because of its definitely 


unfair reflection on the fine work that 
is being done in protecting public 
water supplies, it appears to have 
been an effective alarm in awakening 
the feminine citizenry to the pollution 
menace. 

The General Federation realizes that 
its newest project will require time, 
and has laid its plans on the basis of 
a 5-year agenda. 

During his representation of the 
FSWA in the program of the Phila- 
delphia ‘‘Clean Waters for America’’ 
conference, the writer reached the 
opinion that the women’s clubs repre- 
sent a tremendous force, which could 
be of infinite value in securing public 
approval and support of local pollu- 
tion abatement projects. The force 
needs direction, however, through 
proper guidance and a sound _ back- 
eround of facts and figures. Such 
guidance must come from informed 
technical sources. 

All state and interstate pollution 
control agencies will do well to follow 
the example of the Interstate Commis- 
sion on the Delaware River Basin in 
cooperating with the international 
women’s organization. Authoritative 
speakers will be needed, with other 
assistance in setting up the regional 
conferences. The club officials must 
be informed as to where they may se- 
cure accurate and unbiased data on the 
needs of specific cases. Then, when 
the campaign reaches the local level, 
it will be of maximum effectiveness. 


W. iH. W. 








NC 


Nol 
Wo 


~ 











Proceedings of Member Associations 





NORTH DAKOTA WATER AND SEWAGE WORKS CONFERENCE 


Nineteenth Annual Convention 
Grand Forks, North Dakota, September 25-26, 1947 


The 19th Annual Convention of the 
North Dakota Water and Sewage 
Works Conference was held September 


25-26, 1947, at the Dacotah Hotel, 
Grand Forks, North Dakota. A total 


of 110 members and guests registered. 

The convention was called to order 
by President Klivens, Grand Forks, 
who introduced Mayor Boe, of Grand 
Forks. Following the Mayor’s wel- 
come, President Kliven conducted a 
business session during which the re- 
ports of the Secretary-Treasurer, the 
Standing Committee, and the Garbage 
Committee were presented. 

The program of the afternoon ses- 
sion provided the following papers: 


‘‘The Relation of Water and Sewage 
Works Men to the Health Depart- 
ment’’ by Russell O. Saxvik, M.D., 
State Health Officer, Bismarck, N. D. 

‘“The Grand Forks Water Treatment 
Plant’’ by R. M. Jensen, Grand Forks, 
N. D; 

“The Bald Hill Reservoir’’ by Col. 
W. K. Wilson, Jr., C. E., District En- 
gineer, St. Paul. 

‘*Public Relations’? by Myron H. 
Atkinson, Executive Secretary, North 
Dakota League of Municipalities, and 
City Auditor, Bismarck, N. D. 

“‘Some Practical Observations on 
Fundamental Principles of Sewage 
Plant Désign and Operation’’ by W. 
W. Towne, State Sanitary Engineer, 
Pierre, S. D. 

At the annual banquet, 25 past presi- 
dents were honored with the presenta- 
tion of past-president pins. This cere- 
mony followed the address of W. H. 


Wisely, FSWA Executive Secretary- 
Editor, on ‘‘Observations of an Oper- 
ator on Public Relations.’’ Elder 
Lium, Grand Forks, was the toast- 
master for the evening. 
Informative topics discussed the sec- 
ond day of the conference included: 


‘‘Conerete and Its Resistance to 
Various Gases’’ by William N. Gahr, 
Senior Sanitary Engineer, N. D. State 
Department of Health. 

‘‘Sulfur Dioxide in the Cleaning of 
Filter Beds’’ by Robert J. Yaeger, 
Ansul Chemical Company, Marinette, 
Wis. 

‘*Recarbonation Equipment and 
Safety Measures’’ by Herbert J. 
Arnold, Lignite Combustion Engineer- 
ing Corporation, Bismarck, N. D. 

‘Secondary Sewage Treatment for 
Smaller Municipalities’? by George J. 
Toman, Mandan, N. D. 

‘fA Preliminary Report on High Ni- 
trates in Well Waters in Minnesota”’ 
by Herbert M. Bosch, Director, Divi- 
sion of Sanitation, Minnesota Depart- 
ment of Health, Minneapolis, Minn. 

The business luncheon and election 
of officers concluded the conference. 
Officers elected to serve for 1947-48 
were: 

President: R. 
town 

Vice-President: George J. 
Mandan 

Secretary-Treasurer: Jerome H. 
Svore, Bismarck 


J. Loeckner, Coopers- 


Toman, 


JEROME H. Svore, 
Secretary-Treasurer 
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OHIO CONFERENCE ON SEWAGE TREATMENT 


21st Annual Meeting 
Columbus, Ohio, October 2-3, 1947 


The 21st Annual Meeting of the Ohio 
Conference on Sewage Treatment was 
held at the Deshler-Wallick Hotel in 
Columbus on October 2-3, 1947. Reg- 
istration included 153 members and 
euests. The total number of active 
members of the Conference increased 
to 208 as a result of the meeting. 

The morning session on October 
was devoted to a Manufacturer’s 
Forum with various representatives 
leading the discussions. Since the 
annual meeting of the Ohio Section of 
AWWA and the Ohio Conference on 
Sewage Treatment were held on suc- 
cessive days, an overlap was planned 
during the Forum. ‘‘The Pipe Sym- 
posium’’ presented the relative merits 
of steel, reinforced concrete, cast iron, 
cement asbestos, and clay pipe. It ap- 
peared on both programs and proved 
of mutual interest to the members of 
both groups. Following this, ‘‘ Ad- 
vancements in Sewage Treatment and 
Maintenance Problems’’ were  dis- 
cussed. 

The afternoon session was formally 
opened by Chairman L. C. Huffman 
and an address of welcome was given 
by James A. Rhodes, mayor of Colum- 
bus. At the business meeting the fol- 
lowing officers were elected to serve 
during the year 1947-48: 


9 


Chairman: L. B. Barnes, Bowling 
Green 

Vice-Chairman: E. F. 
Marion 

Secretary-Treasurer: G. A. Hall, Co- 
lumbus 


Wittmer, 


During the business meeting F. D. 
Stewart, assistant chief engineer of 
the Ohio Department of Health, was 
voted the Kenneth Allen Award for 
1948. In addition, a constitutional 
amendment was adopted conforming 





with the Federation’s constitution re- 
garding the dates for payment of dues. 

Chairman Huffman presided at the 
technical sessions that followed. E. F. 
Wittmer’s paper ‘‘Stage Filtration at 
Marysville Sewage Treatment Plant”’ 
presented the analytical results from 
alternation, during the year, of the 
sequence of the two-stage filters which 
were designed for standard loadings. 
He concluded that the treatment of 
sewage containing considerable milk 
wastes by two-stage filtration is slightly 
more effective in reducing the B.O.D. 
when the sequence of stages is alter- 
nated than when no change is made. 
In addition, some improvement in con- 
trol of ponding and decrease in filter 
flies were noted with the change in 
dosing sequence. 

Dr. A. H. Trebler, of Baltimore, Md.. 
in discussing ‘‘ Milk Waste Treatment,”’ 
presented the operating results of sev- 
eral milk waste treatment plants. 
Charts and slides were also presented 
showing the milk losses and flows of 
different types of processing, as well as 
the results of laboratory test work in- 
volving flow equalization of the wastes 
with aeration. 

C. E. Bauer presented ‘‘Experi- 
ences Using Ozone and Air in the Acti- 
vated Sludge Process’’ at Celina. The 
results from the pilot plant used for 
the tests were subject to limitations 
and though some facts were interesting, 
no definite conclusions could be made 
from these studies. 

The ‘‘Report on Short Schools for 
Operators’’ was presented by T. C. 
Schaetzle of Akron, chairman of the 
Education Committee. The fifteen ex- 
isting short schools for operators were 
reviewed. The comprehensive report 
recommended that a committee be ap- 
pointed to establish such a school in 
Ohio with the Ohio Department of 
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Health and Ohio State University as 
sponsors. Pertinent discussions fol- 
lowed and approval by the member- 
ship authorized the initiation of a pro- 
gram as suggested. 

At the evening banquet, W. H. 
Wisely, FSWA, Executive Secretary- 
Editor, spoke on ‘‘Public Relations 
From the Sewage Plant Operator’s 
Standpoint’’ and Maurice Le Bosquet, 
U.S.P.H.S., discussed ‘‘Proposed Fed- 
eral Legislation Regarding Stream 
Pollution.’’ This rounded out a full 
day of interesting facts for those at- 
tending. 

The morning session of the second 
day began with M. L. Riehl, chief 
chemist, Division of Laboratories, Ohio 
Department of Health, who presented 
‘Analytical Procedures for Determi- 
nation of Metals Affecting Sewage 
Treatment.’’ The complexities and 
difficulties encountered in securing re- 
liable results were revealed and then 
were capably discussed by Dr. L. K. 
Herndon, Ohio State University, Co- 
lumbus, Dr. R. C. Weast and Prof. 
George E. Barnes of Case Institute of 
Technology, Cleveland, and Walter E. 
Moline, National Cash Register Com- 
pany, Dayton, Ohio. 
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B. A. Poole, Director, Division of 
Sanitation, Indiana State Department 
of Health, presented a paper, ‘‘Stream 
Pollution Abatement Program in In- 
diana,’’ relating progress under super- 
vision of the Stream Pollution Control 
Board. F. H. Waring, Chief Engi- 
neer, Ohio Department of Health, dis- 
cussed stream pollution abatement un- 
der the existing state laws. 

The closing afternoon session in- 
cluded the presentations of ‘‘The 
Small Plant Laboratory’? by’ C. E. 
Britt, Plaskon Division, Libby Owens 
Ford (formerly superintendent-chem- 
ist at Bowling Green sewage treatment 
plant), and ‘‘Guided Discussions on 
Sewage Treatment’’ under the able 
guidance of A. H. Niles, of Toledo. 
Time, as usual, did not permit an- 
swering all of the questions. 

In closing the two-day meetings 
some real gains had been made, but 
there still remained some unsolved 
problems and plenty of new work to 
be done by the Ohio members and the 
new officers for the coming year. 


G. A. HAL, 
Secretary-Treasurer 


MISSOURI WATER AND SEWERAGE CONFERENCE 


Twenty-Third Annual Conference 


Jefferson City, Missouri, October 27~28, 1947 


The 23rd Annual Meeting of the 
Missouri Water and Sewerage Confer- 
ence was held at the Hotel Governor, 
Jefferson City, Missouri, on October 
27 and 28, 1947. Registration of mem- 
bers and guests totaled 195 and repre- 
sented an increase over the 1946 Con- 
ference attendance. 

President Vester Opie, Paris, Mo., 
opened the Conference and presented 
Mayor James T. Blair, of Jefferson 
City, who weleomed the conference 
members. H. O. Hartung, St. Louis 
Water Co., presided over the joint 


morning technical session at which the 
following papers were presented : 


‘‘Protection of Water and Sewer- 
age Facilities Against Corrosion’’ by 
A. H. Reynolds, Dearborn Labora- 
tories, Chicago, Ill. 

‘“Are You Prepared for a Catas- 
trophe?’’ by W. Scott Johnson, Chief 
Public Health Engineer, Missouri 
State Board of Health. 

‘‘Cuprose, Its Use in Control of 
Algae and Insect Growth’’ by Max 
Gilfand, Dallas Power and Light Com- 
pany, Dallas, Texas. 








The sewerage section met in separate 
session on the afternoon of the 27th, 
with William Kehr, Principal Sanitary 
Engineer, Missouri State Board of 
Health, presiding. Albert. Happy, 
Missouri State Board of Health, dis- 
eussed ‘‘The Effect of Garbage on 
Sewage Treatment Plants.’’ F. E. 
Wenger, of the Russell & Axon con- 
sulting engineering firm, St. Louis, 
Mo., touched on current problems in 
his paper, ‘‘Construction and Main- 
tenance of Sewage Treatment Plants.’’ 
The session was concluded by the de- 
seription of ‘‘The Acecelo Filter Sys- 
tem’’ by L. K. Cecil, of Infileo, Ine. 

The annual business session of the 
Conference followed a very successful 
barbecue dinner. The following offi- 
cers were elected for 1947-48: 


Chairman: Garvin H. Dyer, Inde- 
pendence, Mo. 

Vice-Chairman: Emmett E. Gamet, 
Mo. 

Secretary-Treasurer: Warren A. 
Kramer, Jefferson City, Mo. 

FSWA_ Director: John K. Frei, 
Springfield, Mo. 


The morning session of the second 
day also was a joint session, presided 
over by Harvey Wilke, Missouri State 
Board of Health. Professor L. J. 
Murphy, College of Engineering, Uni- 
versity of Missouri, started the pro- 
gram with his discussion of ‘‘A Pro- 
posed Streamlined Water Works 
Course.’’ ‘‘Swimminge Pool Water 
Purification Contrasted with Water 
Purification for Potable Use’’ was the 
title of the paper of Chauncey Hyatt, 
Chicago, Ill., who was followed by Wil- 
liam J. Downer, Asst. Chief Sanitary 
Engineer, Illinois State Health De- 
partment, Springfield, Ill., speaking 
on ‘‘The Importance of Obscure Wa- 
ter Borne Diseases to Water and Sew- 
age Works Operators.’’ 

With John Frei, Springfield, Mo., 
acting as chairman, the afternoon ses- 
sion of the Sewage Section proved to 
be one of exceptional interest and 
value. The first paper was on ‘‘Ac- 
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counting for Sewer Systems and Sewer 
Rates’’ by F. M. Veatch, of Black and 
Veatch, Kansas City, Mo. Federation 
President George S. Russell gave a 
stimulating talk concerning ‘‘ What the 
Federation of Sewage Works <Associa- 
tions Means to the Missouri Confer- 
ence.”’ 

The panel session of ‘‘Stump the Ex- 
perts,’’ which concluded the afternoon 
program, provided an especially inter- 
esting and helpful exchange of infor- 
mation on sewage works operation and 
maintenance problems. Serving as 
**Experts’’ were: W. Scott Johnson, 
Missouri State Board of Health; 
George S. Russell, President FSWA; 
F. M. Veatch, Kansas City, Mo.; Wil- 
liam Q. Kehr, Missouri State Board of 
Health; and Prof. L. J. Murphy, Uni- 
versity of Missouri. 

The Annual Conference Banquet on 
the evening of the 28th was an out- 
standing event. Vester Opie, Paris, 
Mo., presided. The Annual Awards 
presentation highlighted the evening. 
E. E. Gamet, Canton, Mo., was pre- 
sented the Conference’s Award of 
Merit in recognition of his heroic work 
during the 1947 Mississippi River 
floods. The Fuller Award of the 
AWWA was presented to Thomas 
Skinker, St. Louis, Mo., and announcee- 
ment was made of the nomination of 
William Q. Kehr, Missouri State Board 
of Health, for the FSWA Kenneth 
Allen Award which is given for out- 
standing work in a Member Associa- 
tion. 

Following presentation of the annual 
awards, brief talks were given by N. 
T. Veatch, president of the AWWA, 
and by George S. Russell, president of 
the FSWA, on trends in the water 
works and sewage works industries. 
The main speaker of the program, Dr. 
A. C. Magill, Southeast Missouri State 
College, Cape Girardeau, provided a 
fitting climax to the Annual Banquet 
and the Conference with his excellent 
talk ‘‘Publie Relations.’’ 

WarrEN A. KRAMER, 
Secretary-Treasurer 
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MEMBER ASSOCIATION MEETINGS 


Association 


Kansas Water and Sewage Works 
Association 


Arizona Sewage and Water Works 
Association 


Montana Sewage Works Association 


Arkansas Water and Sewage Conference 


Maryland-Delaware Water and Sewer- 


age Assn. 
New England Sewage Works Association 
Pacific Northwest Sewage Works 
Association ° 
New York State Sewage Works Assn 
Florida Sewage Works Association 
Central States Sewage Works 
Association 
Ohio Conference on Sewage Treatment 
Kentucky-Tennessee Ind. Wastes and 
Sewage Works Assn. 


Pennsylvania Sewage Works 
Association 


Iowa Sewage Works Assn. 

West Virginia Sewage and Industrial 
Wastes Conference 

Arizona Fall Conference 


Federation of Sewage Works 
Associations 


Michigan Sewage Works Association 


Place 


Hotel Broadview, 
Wichita, Kansas 


New Dominion Hotel, 
Globe, Arizona 
City Auditorium, 
Livingston, Mont. 
University of Arkansas 
Campus, Fayetteville, 


Arkansas 


Lord Baltimore Hotel, 
Baltimore, Md. 


Marlborough Country 
Club, Marlborough, Mass. 


Hotel Boise, 
Boise, Idaho 


Hotel Niagara, 
Niagara Falls, N. Y. 


University of Florida, 
Gainesville, Florida 


Milwaukee, Wisconsin 


Dayton-Biltmore Hotel, 


Dayton, Ohio 


Chattanooga, Tenn. 


Nittany Lion Inn, 
State College, Pa. 


Hotel Kirkwood, 
Des Moines, Ia. 
Stonewall Jackson Hotel, 
Clarksburg, W. Va. 
Phoenix, Arizona 


Statler Hotel, 
Detroit, Mich. 


Statler Hotel, 
Detroit, Mich. 


Time 


March 11-12, 1948 
April 2-3, 1948 
April 8, 1948 


April 12-14, 1948 


Apr. 15-16, 1948 
May 12, 1948 
May 12-15, 1948 
June 4-5, 1948 
June 7-12, 1948 
June 18-19, 1948 
June 23-25, 1948 
Aug. 23-25, 1948 
Aug. 25-27, 1948 
Sept. 14-15, 1948 
Sept. 30-Oct. 2, 
1948 


Oct. 15-16, 1948 
Oct. 18-21, 1948 


Oct. 18-21, 1948 








Federation Affairs 


DETROIT CONVENTION TAKING SHAPE 


Plans for the Twenty-First Annual 
Meeting of the Federation of Sewage 
Works Associations, to be held at Detroit, 
Mich., on October 17-21, 1948, are now 
definitely in the creative stage. The live- 
wire Michigan Sewage Works Association 
will be host to the Federation, and will 
hold its 23rd annual business meeting dur- 
ing the national convention. 

Headquarters for the meeting will be 
the Hotel Statler, where all technical ses- 
sions, exhibits, and social events will be 
held. Adequate accommodations have been 
assured at the Statler and other Detroit 
hotels. 

Chairman of the Local Arrangements 
Committee is W. M. Wallace, superinten- 
dent of filtration and sewage treatment at 
Detroit. The following local committee 
appointments have been made: 


Registration: G. R. Thompson, chair- 
man, C. L. Palmer, M. F. Wagnite, G. E. 
Hubbell, and H. M. Leonhard. 

Hotel Arrangements: F. G. Legg, chair- 
man, R. Chapin, E. G. Liddle, M. 8. Hil- 
bert and N. Herda. 

Finance: W. E. Smith, chairman, W. C. 
Hirn, V. Anderson and J. S. Perry. 

Inspection Trip: Leroy Smith, chair- 
man, F. H. Burley, C. A. Habermehl, J. E. 
Cooper and M. A. Groen. 

Entertainment: Chairman to be ap- 
pointed, F. W. Dubois, E. L. Dingler, Jr., 
W. D. Wilt and M. A. Groen. 

Local Host: W. F. Shephard, chairman, 
E. A. Boyce, Don Pierce, H. E. Potts, A. 
T. Kunze, J. M. Hepler, E. C. Rich, L. G. 
Lenhardt, L. A. Oeming, E. E. Eldridge, 
M. P. Adams, R. A. Greene and W. C. 
Dalee. 


Chairman C. C. Larson of the Publica- 
tions Committee has appointed F. W. Gil- 
creas to head a special.program committee, 
and formulation of the technical program 
is proceeding. The time-table of the 
meeting provides for five half-day techni- 
cal sessions in addition to a full afternoon 
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for an inspection trip of the Detroit and 
Dearborn sewage treatment plants. One 
of the technical sessions has been set aside 
for the new Industrial Wastes Forum, 
which is expected to be an outstanding 


feature. The coneluding session on 
Thursday morning, October 21, will be de- 


voted to the Operators’ Forum, a program 
highlight of past meetings. 

The Annual Federation Luncheon will 
be held on Tuesday, October 19. It is 
planned to secure a prominent speaker for 
this oceasion. 

Generai entertainment and social events 
will include a reception-entertainment and 
a dinner-dance. Another evening function 
will be the Michigan Dinner and Business 
Meeting, for members of the host associa- 
tion and their guests. 

The Ladies Committee is in process of 
appointment. With all of the points of 
interest and fine shopping opportunities 
in Detroit, there may be assurance that an 
attractive schedule of ladies entertainment 
events will be forthcoming. 

A large and diversified manufacturers’ 
exhibit is expected to develop under the 
direction of Arthur T. Clark, secretary- 
manager of the Water and Sewage Works 
Manufacturers Association. 

Everyone planning to attend the con- 
vention is urged to act early in making 
hotel reservations. Rates at the Statler 
are: single—$3.50 to $5.00 (with shower) 
and $5.50 to $8.00 (with tub and shower) ; 
double—$6.00 to $10.00; double (twin 
beds )—$7.00 to $10.50; suites—$12.00 to 
$20.50. Reservations may also be placed 
with the Book-Cadillae Hotel, which has 
also assigned rooms for use during the 
convention. 

A registration at or above the record of 
812 set at Toronto in 1946 is expected, be- 
cause of the central location of Detroit. 
Officials and local members of the host 
Michigan Association are determined that 
this meeting shall maintain the high stand- 
ard of excellence of previous Federation 
conventions. 
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STANDARD METHODS RESEARCH PROJECT IN 
OPERATION 


Active research is now going forward in 
the six laboratories participating in the 
project being sponsored by the Federation 
and financed by the National Institute of 
Health for the investigation of analytical 
methods for sewage and industrial wastes. 
Although the federal grant covering the 
project became effective on September 1, 
1947, difficulties in securing competent per- 
sonnel to earry on the work delayed actual 
initiation of several of the laboratory 
studies until February of this year. The 
project is being directed by Dr. W. D. 
Hatfield, chairman of the FSWA Commit- 
tee on Standard Methods. 

The location, directors, and general as- 
siguments of the six laboratories are as 
follows: 


Lab. No. I—University of Wisconsin; 
Dr. M. Starr Nichols; B.O.D. studies 
along the lines of those being undertaken 
at M.IL.T. 

Lab. No. II[—TIllinois State Water Sur- 
vey; Dr. A. M. Buswell; colorimetric and 
titrametrie methods for ammonia, nitrites 
and nitrates. Also B.O.D. studies on seed- 
ing and suppression of nitrification. 

Lab. No. I1I—Allegheny County Sani- 
tary Authority; H. Gladys Swope; analyti- 
cal methods for metallic and inorganie in- 
dustrial toxicity determinations, 
ete. 


wastes; 


Lab. No. IV—Rutgers University; Dr. 
Willem Rudolfs; B.O.D. by direct oxida- 
tion, as applied to sewage and industrial 
wastes, and in comparison with the dilu- 
tion method. Also studying toxicity de- 
terminations. 

Lab. No. V—New York State Depart- 
ment of Health, Laboratory of Hygiene 
and Research; F. W. Gilcreas; methods 
for determining grease, ammonia, chlorine 
demand, residual chlorine, and stability. 

Lab. No. VI—Massachusetts Institute of 
Technology; Dr. Clair N. Sawyer; B.O.D. 
studies, including dilution water, seed, 
suppression of nitrification, standardizing 
of salts and solutions. 

Under an agreement executed in 1947, 
the Federation will be a joint publisher 
with APHA and AWWA of the tenth edi- 
tion of Standard Methods for the Exami- 
nation of Water and Sewage. The results 
of the NIH research project should be 
available for inclusion in the tenth edition, 
which will make that manual particularly 
significant and valuable. 

The preparation of the tenth edition 
will be managed by a Joint Editorial 
Board consisting of representatives of 
each of the participating associations. Dr. 
Hatfield will serve the Federation on this 
board, with Mae Harvey McCrady for 
APHA and Harry A. Faber for AWWA. 








Reviews and Abstracts“ 


Kanawha Basin Zoning Report. WeEstT 
VirGINIA WATER Commission. Charles- 
ton, West Virginia (July 1, 1947). 


West Virginia’s proposed program for 
pollution abatement in surface waters of 
the state is described and the pollution 
conditions in the streams of the Kanawha 
Basin are set forth with the aid of detailed 
charts, graphs, tables and maps. Special 
attention is devoted to the conditions in 
the lower Kanawha River where pollution 
is most intense. 

Under the West Virginia Water Com- 
mission Act of 1945 the Water Commis- 
sion has devised a program for the pro- 
tection and improvement of natural 
surface water resources of the state. The 
major projects now under way are: 


1. Classification of every mile of every 
major stream in the state into one of 
four water-quality zones. 

. A cooperative program of improving 
industrial stream pollution to an ac- 
ceptable degree by the installation of 
waste recovery and treatment units. 

3. A program of educating and encour- 

aging the municipalities of the state 
to undertake planning toward sewage 
treatment. 


bo 


The criteria for zoning or classification 
of West Virginia streams into four groups: 
AA, A, B, and C, as well as methods and 
accuracy of stream zoning are discussed. 
These criteria include: (1) most probable 
number of coliform bacteria per 100 ml., 
(2) dissolved oxygen, (3) five-day B.O.D., 
(4) pH, (5) fluorides, (6) chlorides, (7) 
phenolic compounds, (8) iron, (9) color, 
(10) turbidity, (11) industrial or domestic 
sludge deposits, and (12) other conditions, 
including toxie substances, oils, tars, min- 
eral acids, floating solids, and taste and 
odor producing substances. This report 


on the Kanawha Basin is the first zoning 
report issued by the Commission. 

An attempt to gain the cooperation of 
offending parties in the pollution abate- 
ment program is being made. If coopera- 
tive methods fail, legal action will be taken. 

The degree of treatment required of 
each ease will be determined by the Health 
Department and Water Commission. State 
approval is necessary on all new outfalls. 

Each offending municipality and indus- 
try is requested to define its problem and 
determine the best method of correction. 
Water Commission personnel will be avail- 
able for consultation and general assist- 
ance. The Commission is working with 
new industry coming into the state to aid 
new plants in the provision of adequate 
waste treatment facilities. 

The Commission seeks to encourage 
municipal planning for sewage treatment 
through conference with official families 
of the municipalities. West Virginia now 
has less treatment than any other state in 
the Ohio Basin but all of the state’s large 
cities and many towns are now planning 
for sewage treatment. All new industries 
in the state are installing waste treatment 
facilities. 

The purpose of the Commission’s re- 
ports is the definition of stream conditions 
in all major streams of the state and with 
the publication of this report the initial 
stream definition task is 35 per cent com- 
plete. During the summer of 1947 suffi- 
cient sampling and analysis is contem- 
plated to allow completion of classifica- 
tion of the Little Kanawha, Guyandot, Big 
Sandy, and Potomac Basins. Reports 
will be published as soon as_ possible. 
Follow-up sampling and periodic zoning 
revisions will be made thereafter. 

The Kanawha and its tributaries serve 
as a water supply and a means of waste 
disposal for municipalities, industries, and 





* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 
which might be suitable for abstracting in THis JourNAL. Publications of public health de- 
partments, stream pollution control agencies, research organizations, and educational institu- 
tions are particularly desired. Address such material: Federation of Sewage Works Assns., 


325 Illinois Bldg., Champaign, Ill. 
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railroads of the area. The water courses 
are also employed for fishing and recrea- 
tional purposes. Maps and graphs were 
developed to give an indication of exist- 
ing conditions along the streams of the 
watershed. Treatment priority lists have 
heen made for those industries and mu- 
nicipalities which are responsible for seri- 
ous pollution and those which may, in the 
future, be required to inaugurate a pollu- 
tion control program. 


H. B. Gotaas 


Report upon the Collection, Treatment, 
and Disposal of Sewage and Industrial 
Wastes of Orange County, California. 
By A. M. Rawn, C. G. Hype anp F. 
THomas. 46 p., lithoprint, June 30, 
1947. 


This is a very complete report on an 
area of 800 sq. mi., with a population of 


200,000 (est. 1947), including 13 cities 
with a population of 114,000. The popu- 
lation is estimated to inerease from 


130,760 in 1940 to 290,600 (1950) and 
802,800 (1970). The ocean shoreline is 
about 42 mi., with many beaches used for 
There are three major drain- 
age basins. Annual rainfall varies from 
12.34 to 22.75 in. with very little from 
May to October. In certain sections there 
are 320 days with more or less sunlight. 
The climate is very temperate, varying 
from 56.1° to 68° F. on seasonal averages. 

Detailed investigation indicates an aver- 
age volume of industrial wastes of 4.1 
mg.d. (1947) or 21.5 g.p.ed. Domestic 
sewage is estimated at 70 g.p.c.d. except at 


recreation. 


Newport Beach (140 g.p.e.d.). In some 
sections 50 g.p.c.d. is estimated. The 
ground water infiltration is taken at 50 
g.p.ed. Treatment works are suggested 


for design on a 20-year basis, built in 10- 
year increments, and other works some 40 
years ahead. Industrial wastes in 1947 
had a 5-day B.O.D. of 93,500 lb., con- 
tributed by seasonal industries including 
beet sugar, citrus byproducts, fruit and 
vegetable processing. 

To determine the location of an ocean 
outfall a comprehensive study of the ocean 
currents was made, since the premise was 
adopted that the shore waters and shores 
should be maintained clean, unpolluted, 
and suitable for unrestricted use. Floats 
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were released at many locations along the 
shore within a 3-mi. zone. Currents 
were found to be rotary in nature, with a 
direction constantly changing clockwise 
and with a daily eyele. The tidal current 
varied from 4 to 31 f.p.m. The wind eur- 
rents were estimated at 33 f.p.m., with the 
wind onshore by day and offshore at night. 
By combining the components due to tides, 
daily periodic winds, ocean drift, and non- 
periodic winds, a basis for outfall loca- 
tion was obtained. There is an additional 
movement at an ocean outfall due to the 
hydraulic head of the rising volume of 
fresh water through the ocean salt water. 

Currents are predominantly onshore in 
the daytime and offshore at night. Thus, 
discharge of effluents at night is desirable, 
with a storage basin, and chlorination to 
control odors. 

Various types of sewage treatment were 
considered with the following conclusions: 
For Districts Nos. 1-8, one main treat- 
ment plant, including grease removal fa- 
cilities discharging through a 15,000-ft. 
outfall. For District No. 9, primary treat- 
ment with a 2,000-ft. outfall. For District 
No. 10, an Imhoff tank, open air sludge- 
drying beds, and oxidizing ponds with re- 
circulation and discharge to Santiago 
Creek. If the sewage is reclaimed for 
irrigation or ground-water replenishment, 
complete treatment (as by the activated 
sludge process) with chlorination of the 
effluent will be necessary. Costs were esti- 
mated with an E-N-R index of 350. 

Although ground garbage may be added 
to sewage from home grinder units in 
gradually increasing quantities, the future 
of such practice is not clear enough to 
influence current design of the proposed 
treatment plants. 

Administration of the 10 proposed dis- 
tricts should be vested in one central or- 
ganization. The cost of money for proj- 
ect financing was taken at 2 per cent, with 
bonds of the 40-year serial type. 

In the maintenance of the sewers, sul- 
fide control will be necessary by chlorine, 
applied in the ratio of 3 p.p.m. for each 
100 p.p.m. of B.O.D. in excess of that 
which the sewage velocity would control 
without treatment. 

Concerning sewage reclamation as re- 
lated to water supply, the report concludes 
that the excessive costs involved in pro- 
ducing an acceptable effluent, the limited 
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availability of spreading-ground with re- 
spect to both areas and period of use, 
together with the hazard of introducing 
boron into the underground waters, com- 
bine to make the use of reclaimed sewage 
by the method of percolation impracticable. 
The cost of reclaiming sewage would be of 
the magnitude of twice the cost of pur- 
chasing fresh water. 

The report recommends the County 
Sanitation District Act of May, 1923, as 
most applicable to the regional sewerage 
problem of Orange County. 

The problems of planning, construction, 
financing, and operation are covered in 
detail. 

In particular, the relation of sewage dis- 
posal to bathing beaches is discussed in 
detail because of the use and importance of 
Orange County beaches. In the summer 
of 1940, 950,000 people used Newport 
Beach. Probably 250,000 people use the 
beaches on a typical summer Sunday. At 
present, beach pollution is serious. The 
effect of currents from the sewer outfall 
has been studied with the use of pellets. 
Data from the records of the Orange 
County Health Department are presented, 
from samples collected at knee depth, on 
B. coli, as determined by the presumptive 
test using 2 tubes each of 1.0 ml., 0.1 ml. 
and 0.01 ml. with 48-hr. incubation. Pol- 
lution is considered to be indicated when 
the most probable number (m.p.n.) of 
coliform organisms per ml. exceeds 10 for 
20 per cent or more of the samples. 

The areas of the survey are served at 
present by 10 municipal sewage treatment 
works and three military installations. All 
sewage is clarified and chlorinated. In 
addition, four municipal plants have trick- 
ling filters; one, activated sludge treatment. 
There are five ocean outfalls and two river 
outfalls. Under the proposed plan there 
will be two ocean outfalls, and one inland 
discharge. In 1946 the sewage at the ex- 
isting main outfall had a B.O.D. of 560 
p-p-m. and a chlorine demand of 47.6 
p-p-m. The chlorine applied was 11.65 
p-p.m. The sulfate content was 228 p.p.m. 

The report contains a mass of detail 
which may interest specialists. The first 
25 pages of findings and 2 pages of reco- 
ommendations condense the material. 
LANGDON PEARSE 


352 SEWAGE WORKS JOURNAL 


March, 1948 


Santa Clara County (Calif.) Sewage Dis- 
posal Survey. By C. G. Hyper ann G. 
L. Sunitvan. Planograph, 191 pp. 
(with Appendices I to XX). (July 31, 
1946). 


This report covers the collection, treat- 
ment, and disposal of sewage and indus- 
trial wastes of Santa Clara County, Calif. 
The county has an area of 1305 sq. mi, 
with a 1940 population of 175,000, of 
which 109,000 are incorporated municipali- 
ties. During the ten-year period 1935- 
1944, the lowest monthly average tempera- 
ture was 42.2° F., and the minimum day 
22°. The rainfall is chiefly distributed 
through nine months of the year. 

Seven County sanitation districts are 
tributary to a proposed central sewage 
treatment works. 

There are some 65 industrial establish- 
ments, mostly processing fruit and vege- 
tables. Twelve municipalities have sewer 
systems. In the San Jose area, the do- 
mestie sewage averaged 93 g.p.c.d., as com- 
pared with a water use of 115 g.p.e.d. 
The industrial flow for two weeks averaged 
144 g.p.c.d. The total equivalent popula- 
tion (including domestic) for nine months 
averaged about 420,000, with a peak aver- 
age for three months of about 750,000. 

The territory drains into Lower San 
Francisco Bay, a tidal estuary which is 
grossly polluted during the canning sea- 
son. Complete treatment is required. 
Various types of treatment are considered, 
including oxidation ponds. Nine projects 
are outlined, of which the one recommended 
comprises preaeration and primary sedi- 
mentation tanks, oxidation ponds and 
recirculation, sludge digestion tanks, and 
disposal lagoons with chlorination equip- 
ment. Estimated total cost for trunk 
sewers and treatment is $4,842,000. 

Cost of operation and financing is dis- 
cussed in detail, outlining the California 
requirements for sanitation districts and 
sewer service charges. 

The 20 appendices cover the history, de- 
seription, and discussion of sewerage and 
sewage disposal in the 19 municipalities 
concerned. One appendix, by Rawn, cov- 
ers governmental organization and method 
of financing. 

LANGDON PEARSE 
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Thirteenth Report of the Water Pollution 
Research Board with the Report of the 
Director of Water Pollution Research 
(England), July 1, 1939 to December 
31, 1945, 78 pp. 


The introduction stresses the develop- 
ment of industrial waste control and legis- 
lation relating to Seotland known as the 
Rural Water Supplies and Sewerage Act, 
1944, covering grants to rural authorities, 
and the Water Act, 1945, relating to co- 
ordination of water supply services. In 
cooperation with the Agricultural Re- 
search Council, research has been con- 
ducted on the use in agriculture of dried 
sewage sludge and of various composts. 
Various studies have been conducted, in 
collaboration with municipal authorities, 
on flies from trickling filters, chlorination 
of water, and corrosion of domestic water 
supply installations. A temporary lab- 
oratory has been maintained for sewage 
work. The war interfered with research 
projects except as to alternating double 
filtration of sewage. Future work in the 
field of microbiology is recommended. 

In the sewage field, biological filtration 
was tested at Birmingham in a process of 
alternating double filtration, applying 
settled sewage to a primary trickling 
filter-humus tank, the effluent passing to a 
secondary filter and humus tank. After a 
certain interval the order was reversed. 
At first the change was made weekly, later 
daily. Some of the more important re- 
sults were as follows (using 4 unit filters, 
each of 1,100-sq. yd. area, 6 to 7 ft. deep) : 


June 1940 
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Continuous high rate filtration with re- 
circulation of part of the effluent was tried 
using rates of settled sewage of from 240 
to 288 gal. per day per cu. yd. filter media. 
The effluent contained little nitrate and 
was less reliable than the alternating 
double filtration plant. 

Observations were made on the bio-floc- 
culation plants at Minworth. 

Control of nuisance from filter flies was 
investigated, with the conclusion that at- 
tention should be given to the application 
of toxie materials to filters to kill the flies, 
such as DDT and Gammexone. The appli- 
cation of 10 lb. per acre of DDT or 5 |b. 
of “666” per acre seemed effective on small 
filters. Ten lb. of DDT per acre and as 
low as 1 lb. per acre of Gammexone were 
effective on large filters. 

Bacterial and chemical changes in 
aerated liquids were also examined, as well 
as the flora of activated sludge. In the 
latter, 71 strains of bacteria were isolated, 
mostly gram-negative rods. Only a few 
spore-forming aerobes, moulds, and yeasts 
were found. 

During the war the recovery of grease 
from sewage sludge and skimmings was 
tested by extraction with light petroleum 
(boiling range 100° to 120° C.). It was 
estimated that 4,000 tons per year per 
million persons could be recovered. 

No conclusion was reached on the effect 
of air drying and digestion of sludge on 
certain pathogenic organisms or the risk 
involved in using such sludge as fertilizer. 

Rising of sludge in sedimentation tanks 


June 1941 June 1942 June 1943 
r | 


{ 
| 








to to to to 
| May 1941 May 1942 May 1943 May 1944 
Rate of filtration | 
(Gal. per cu. yd. per day): 
Single filtration 72- 97.2 93.6— 99.6 75.6-100.8 69.6— 93.6 
Alternating double 192-195.6 252 -258 289.2-307.2 | 282 -292.8 
B.0.D. (p.p.m.) ae 
Settled sewage 130-160 105 -150 130 -170 150 -180 
Settled effluent from single filter 1l- 17 9 - 13 9 - 14 7 - 10 
Settled effluents from alternating 
double filter 
Primary effluent 16- 21 11 - 23 17 - 20 19 - 35 
Secondary effluent 9- 20 6 - 12 10 - 12 9 - 14 














The final effluent of the double filters con- 
tained more ammonia and less nitrate than 
that of the single filter. 


at sewage works serving explosives and 
filling factories was due to the presence of 
ammonium nitrate or nitrate. 








Suitable chemical closets were devised 
for use in air-raid shelters. 

Thirty-five pages are devoted to indus- 
trial wastes. Among the topics discussed 
are: dairies and milk products factories 
(by reference); preparation of vegetables 
for drying; recovery of copper from waste 
waters from pickling operations by cooling 
pickle liquor to recover crystalline copper, 
or by cooling it after partial evapora- 
tion, or by electrolysis. In some factor- 
ies waste wash waters are treated with 
lime, to precipitate copper hydroxide. In 
a few mills waste waters are passed 
through tanks containing scrap iron on 
which copper deposits. An improved de- 
sign was developed, with a sludge com- 
partment under the baled scrap iron wire. 

An extended investigation was made of 
the treatment and disposal of sewage and 
waste waters from shell-filling factories, 
particularly those wastes from the laun- 
dries, washing of tools, floors, ete., and 
the washing out of rejected ammunition. 
The chief constituents of the waste waters 
were trinitrotoluene, ammonium nitrate 
and “tetryl.” Sedimentation tanks were 
usually installed with balancing tanks used 
to distribute laundry wastes (which dis- 
charged intermittently). Laundry wastes 
averaged about 1.8 gal. per day per em- 
ployee. The other wastes from tool wash- 
ing, ete., averaged about 0.5 per cent of the 
total volume of sewage and waste waters 
in a factory. 

In factories handling chiefly trinitroto- 
luene and ammonium nitrate, the mixed 
liquors and sewage averaged from 10.8 to 
19.2 gal. per day per employee. Such 
liquids were not very high in B.O.D. (95 
to 182 p.p.m.). Filtration was tried ex- 
perimentally. At shell filling factories, 
sewage mixed with washes were treated 
together. Apparently TNT up to 40 
p-p.m. did not inhibit growth of bacteria. 

Wastes from the mixing of picrie acid 
and dinitrophenol (shellite) were handled 
mixed with sewage in a local sewage works 
after the loss of “shellite’ was eut to a 
minimum. Waste waters from filling 
smoke bombs with yellow phosphorus were 
piped to a sewage works for settling and 
discharged into a tidal estuary at ebb tide. 
Changes in operations in making colored 
smoke compositions reduced the escape of 
dyes to 0.8 p.p.m. in the effluent of the fac- 
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tory sewage works, and to 1.3 p.p.m. for 
entry into surface water. 

A study was begun on the treatment and 
disposal of waste waters from the manu- 
facture of TNT. 

Investigations were made on the removal 
and’ recovery of chromium from _ waste 
waters containing chromates. 

Waste waters containing cyanide are 
troublesome. It is very difficult if not 
impracticable to render them nontoxie, 
However, treatment with ferrous sulfate 
and lime may be effective. If cyanide 
wastes are mixed with sewage and treated 
on a trickling filter, 90 to 97 per cent of 
the cyanide may be removed. 

The waste waters from “retting” of flax 
are acidic, with a disagreeable odor, but 
yield to treatment on a trickling filter, if 
diluted. A scheme for recirculation was 
suggested, with aeration. 

Among other studies were those of 
wastes from the manufacture of brake and 
clutch linings; the concentration of gar- 
bage and disposal of waste waters from 
steam cooking; photographie processes; 
paper mills; 5-therm emergency producer- 
gas plants; predigestion of straw with 
caustic soda for animal feed; cellulose 
from sawdust; manufacture of beet sugar 
(summary of general practice); and vis- 
cose rayon (re-discharge of waste to sea). 

The last 8 pages are devoted to the pol- 
luting effects of sewage and industrial 
waste, particularly on the River Avon 
where it was proposed to chlorinate the 
sewage effluent from the Coventry works. 
However, preliminary experiments indi- 
sated that chlorination of an effluent from 
treatment of sewage containing gas liquor 
might make the effluent toxic for fish. The 
project was abandoned. 

An extended bibliography is appended. 

LANGDON PEARSE 
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Control of Flies Breeding in Percolating 
Sewage Filters.* By T. G. TomMLInson 
AND S. H. Jenkins. Presented at The 
Public Works, Roads and Transport 
Congress, July 25, 1947. (Auspices of 
The Institute of Sewage Purification) 32 
pp. 

Nuisance often results from the emer- 
gence of large numbers of flies from perco- 


* A preprint. 
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lating (trickling) filters located near resi- 
dences or streets. Species causing trouble 
include Psychoda alternata, Psychoda_ se- 
verini, and Anisopus fenestralis. They 
may cause a nuisance within a radius of 1 
mile from the filter. An unpleasant 
aspect of the Anisopus is the deposition of 
its gelatinous egg masses on moist objects 
such as food and household utensils. 

Various methods for the control of 
Psychoda have been tried including chemi- 
eal treatment and flooding. With the dis- 
covery of DDT and Gammexane new chem- 
ieal methods of attacking the problem 
were available. This paper describes lab- 
oratory and large-scale experiments at the 
Water Pollution Research Laboratory, 
Minworth, and at a number of sewage 
works, on the control of Anisopus 
fenestralis and Psychoda by means of 
DDT and Gammexane and also the work 
by a district drainage board on the use of 
gas liquor, salt, ereosote and _ bleaching 
powder for control of Anisopus fene- 
stralis. 

To determine the effects of various treat- 
ment methods it was necessary to estimate 
the number of flies emerging from a unit 
area. This was done by counting the 
numbers caught in traps of known area 
placed on the surface. The counting 
methods and trapping equipment are de- 
scribed in detail. 

Insecticide solutions were prepared as 
follows: 


(1) Creosote: Emulsified creosote pre- 
pared by stirring 20 gal. of warm, 0.5 per 
cent soap solution and 0.6 gal. of 40 per 
cent caustic soda into 50 gal. of creosote. 
Emulsions containing 1 to 2 per cent by 
volume of creosote were prepared from 
this eoneentrated emulsion by adding 
water. 

(2) DDT: DDT preparations having the 
following compositions were used: (a) 
sulfonated castor oil, 24.5 per cent; 
eresylie acid, 6.0 per cent; DDT, 15.5 per 
cent; solvent naphtha 54.0 per cent; (b) 
1 lb. of DDT, 0.1 gal. sulfonated castor 
oil, and 0.4 gal. of acetone. 

(3) Gammexane: (a) A preparation of 
Gammexane, Deecalin extract LG.037, eon- 
taining 7 per cent of the gamma isomer of 
benzene .hexachloride was diluted with a 
mixture of acetone and sulfonated castor 
oil to give a solution of the following com- 
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position: Decalin LG.037 (Gammexane 
prep.), 14.3 per cent; sulfonated castor oil, 
25.0 per cent; acetone, 60.7 per cent. 

(b) 10 Ib. of commercial product con- 
taining 13 per cent of the gamma isomer 
and known as D.929 were stirred with 2.5 
gal. of warm acetone for 10 to 15 min., 
the liquid allowed to stand for 1 hour, the 
acetone solution poured off and % gal. of 
sulfonated castor oil added. This con- 
tained about 4 per cent Gammexane. 

Two methods of applying the insecti- 
cides to the filters were used, hand- 
spraying, and application to the filter in- 
fluent. 

A substantial number of laboratory and 
plant scale experiments were conducted 
and the following conclusions reached: 


(1) DDT and Gammexane applied to 
trickling filters in the sewage in concen- 
trations sufficient to kill over 90 per cent 
of the larvae of Anisopus fenestralis and 
Psychoda alternata had no apparent effect 
on Lumbricillus lineatus and Achorutes 
subviaticus. 

(2) In the laboratory, sewage contain- 
ing 0.1 to 5 p.p.m. of DDT or Gammexane, 
applied to filters for 1 to 24 hours, pro- 
duced over 90 per cent mortality in the 
larvae of Anisopus and Psychoda. For 
Anisopus control, 1 to 2 lb. of Gammexane 
or 25 lb. of DDT per acre were necessary, 
whereas for the control of Psychoda alter- 
nata 1 lb. of Gammexane or 5 lb. of DDT 
per acre were sufficient. 

(3) Large-scale experiments carried out 
in 1945 showed that treatment with 194 
Ib. of creosote, 3 Ib. of bleaching powder, 
or 75 lb. of DDT per acre controlled 
emergence of Anisopus. 

(4) Similar large scale experiments 
carried out in 1946 showed that a single 
application of insecticide in the form of 
a solution of Gammexane or of DDT 
added to the sewage at rates sufficient to 
produce 1 Ib. of Gammexane or 50 Ib. of 
DDT per acre over a period of 1 to 2 
hours, was effective in controlling Ani- 
sopus. 

(5) Spraying parts of the surface of a 
filter with DDT or with Gammexane at 
rates of 10 lb. of DDT or 1 Ib. of Gam- 
mexane per acre controlled Psychoda for 
periods of 2 to 4 weeks respectively. 

(6) Experiments carried out at a num- 
ber of sewage plants in which the insecti- 








cide was applied to circular filters in the 
sewage feed showed that applications of 
1 Ib. of Gammexane or 5 lb. of DDT per 
acre controlled the emergence of Psychoda 
for a period of about 4 weeks. 

(7) DDT and Gammexane had no effect 
on the B.O.D. or oxygen absorbed values 
of the effluent or on nitrification, but there 
was evidence that effluents discharged from 
some filters at the time of treatment with 
insecticides were distinctly toxic to fish. 
It would not be advisable to use these in- 
secticides on a large scale until further 
information on this toxicity is obtained. 

Pavut D. Haney 


Toxicity to Rainbow Trout and Minnows 
of Some Substances Known to be Pres- 
ent in Waste Water Discharged to 
Rivers. By J. Grinptey. The Annals 
of Applied Biology (British), 33, 1, 
103-112 (February, 1946). 


The investigations described in this 
paper were made as a part of the research 
program of the British Water Pollution 
Research Board and were concerned with 
the measurement of the toxicity of several 
pure substances under controlled condi- 
tions. The substances tested were sodium 
arsenite, sodium arsenate, sodium picrate, 
sodium dinitrophenate, zine sulfate, po- 
tassium chromate, potassium bichromate, 
ammonium chloride, and ammonium sul- 
fate. Tests were made with distilled 
water, tap water, and distilled water-tap 
water solutions of the substances. 

Tests were made to determine the maxi- 
mum concentration of toxic substances 
which would not affect fish during periods 
of a few days, and it is recognized that 
smaller concentrations acting over long 
periods might also prove toxie. 

Several variables influence the toxicity 
of solutions. They include (1) type of 
water in which poisonous substance is dis- 
solved, (2) concentration of the poison, 
(3) temperature, (4) pH value, (5) oxy- 
gen concentration, and (6) species, size, 
and condition of the fish used. Unless 
conditions are carefully controlled, toxicity 
varies widely. The greatest source of 
error in making tests is the difference in 
susceptibility of individual fish. 

The tap water used in these experiments 
had a total hardness of 278 p.p.m.; car- 
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bonate hardness, 265 p.p.m.; and a pH 
value of about 7.4. The distilled water 
was aerated prior to use. Aeration was 
continued during the tests. 

Toxicity of a solution to individual fish 
was expressed as 100 times the reciprocal 
of the period in minutes during which 
each fish was immersed. The arithmetic 
mean of individual toxicities to all fish 
immersed in any given solution was called 
the average toxicity. The mean period of 
immersion of fish was taken as 100 times 
the reciprocal of the average toxicity. To 
supplement average values of toxicity, 
which give no indication of the scatter of 
results, the standard deviation from the 
average toxicity was calculated. 

Tests on sodium arsenite were made 
using tap water, and it was found that 
neutralized solutions of sodium arsenite 
were more toxic to minnows than equiva- 
lent sodium arsenate solutions. Minnows 
survived for a mean period of 36 hours 
in a sodium arsenite solution (20 p.p.m. as 
As) and for about 16 hours in a solution 
of sodium arsenate (250 p.p.m. As). 

Stock solutions of picrie acid and dini- 
trophenol were prepared and then diluted 
with tap water to produce the test solu- 
tions. Dinitrophenol was much more 
toxic than picric acid at a given concen- 
tration. Extrapolation of the toxicity 
curves, however, indicates that both sub- 
stances have nontoxic (minnows) limits of 
about 30 p.p.m. No fish killed by these 
substances recovered on removal to fresh 
water. 

Zine sulfate dissolved in distilled water 
(no pH adjustment) was toxie to rainbow 
trout in 133 minutes, at a concentration of 
25 p.p.m. as Zn. All fish died soon after 
transfer to fresh water. 

Toxicity tests on potassium chromate 
and potassium bichromate were conducted 
in distilled water solutions of these salts 
at 18° C. No pH adjustment was made. 
At equivalent chromium concentrations 
strong bichromate solutions were more 
toxic than chromate. The test results con- 
firmed conclusions previously reached by 
Ellis that the toxicity of a solution having 
a pH of less than 5.0 is due in part to its 
acidity and that at a pH of greater than 
5.0, lethality factors other than hydrogen 
ion concentration play the major. role. 

The most dilute chromate and_ bichro- 
mate solutions tested had pH values of 
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more than 5.0 and had similar toxicities to 
trout. The fish lived from 60 to 72 hours 
in solutions having a chromium concen- 
tration of 20 p.p.m. as chromium. With 
an increase in concentration, the pH of 
the bichromate solutions fell below 5.0, 
and these solutions were much more toxic 
than chromate solutions of equivalent 
chromium concentration. The limiting 
concentration for rainbow trout appeared 
to be slightly less than 20 p.p.m. of 
chromium. 

In the tests on ammonium chloride and 
sulfate, yearling rainbow trout were used. 
Solutions were prepared with distilled 
water, tap water, and mixtures of the two 
waters. Temperature was maintained at 
18° C. When equivalent amounts of am- 
monium chloride and ammonium sulfate 
were dissolved in the same type of water, 
there was no appreciable difference in 
their toxicity. Solutions of both were 
much more toxie in tap water than in dis- 
tilled water. The limiting concentration 
for both salts in distilled water is probably 
slightly less than 100 p.p.m. as NHs. In 
tap water ammonium chloride was found 
to be slightly toxie at 50 p.p.m., as NH. 

Data are presented in tabular form and 
graphically. Six references are given. 

PauL D. Hanry 


Cyanides in Trade Effluents and Their 
Effect on the Bacterial Purification of 
Sewage. By W. T. LockeTr anp J. 
GrirritHs. The Institute of Sewage 
Purification * (July 25, 1947). 24 pp. 


Traders within the West Middlesex 
drainage area submit applications in ac- 
cordance with the Public Health Act for 
permission to discharge trade effluents into 
public sewers. Approval is given subject 
to an Agreement containing “clauses re- 
lating to the flow of the effluent to the 
sewers” and “clauses embodying such con- 
ditions of discharge as are required for 
protection of the sewers, sewage plant and 
processes, and for the safety of sewermen, 
ete.” 

Based upon experience and confirmed 
by a series of tests described in this paper, 
limitations have been established for efflu- 
ents containing cyanide. These are predi- 
cated on adequate flow in the receiving 


* A preprint. 
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sewer and the production of an effluent of 
a suitable pH value. If discharge is not 
to be more than a few thousand gal. per 
day, it may contain up to 50 p.p.m. eya- 
nide, caleulated as HCN, but if it is to be 
of the order of 20,000 to 50,000 g.p.d., a 
eyanide content of less than 30, or even 
20, p.p.m. may be required. 

Apparatus was set up to give a reason- 
ably close reproduction of air conditions 
in sewers and studies were made under 
variable conditions with water and sewage 
solutions containing from 20 to 1000 p.p.m. 
cyanide, expressed as HCN. The follow- 
ing factors were varied: pH from 2.8 to 
11.0, air and liquid temperatures from 62° 
to 73° F., and the rate of air passage from 
1 to 25.36 eu. ft. per hour, or 3 to 71 
changes of air over the liquid per hour. 

Only with a concentration of 20. p.p.m. 
evanide in the solution was it possible to 
obtain effluent air containing less than 
0.030 mgm. HCN per liter. With a eya- 
nide concentration of 30 p.p.m., effluent air 
contained from 0.032 to 0.053 mgm. HCN 
per liter, and with concentrations of 50 
p.p.m. cyanide in the solution, the effluent 
air contained as much as 0.139 mgm. HCN 
per liter. 

The following table was given to show 
the effects on humans produced by dif- 
ferent concentrations of hydrogen cyanide 
vapor in air: 


Concentration of HCN 
Vapor in Air } 
—| Effects 
| 


Parts by Vol. | Mg. per Liter 
(Approx.) (Approx.) 


Slight symptoms 
after several hours 
Very dangerous in 
| _ one hour 
1 in 500 2.5 | Fatal 





1 in 50,000 0.025 


1 in 10,000 0.12 








Only a small reduction in the econcentra- 
tion of HCN in the air was obtained by 
increasing the rate of air passage through 
the equipment. 

Results on sewage containing 50 p.p.m. 
of cyanide, expressed as HCN, indicate 
that lowering of pH below 7.0 will give a 
slightly increased quantity of hydrogen 
eyanide vapor in the air flow. Raising of 
pH above 8.0 slightly suppresses the re- 
lease of vapors from the liquid to the air. 
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The paper lists the following conclu- 
sions: 


“1. That the concentration of cyanide in 
normal alkaline sewage flowing in large 
sewers in which men may have to work 
for periods of several hours should not ex- 
ceed 1.0 part of cyanide, caleulated as 
HCN, per 100,000 parts of sewage. 

“2. That the concentration of eyanide in 
normal alkaline sewage flowing in small 
sewers (branch sewers and the like) should 
not exceed 2.0 parts HCN per 100,000 
parts of sewage.” 


The stability of cyanide in sewage for 
periods up to three days was studied and 
it was concluded that there was no note- 
worthy chemical or biochemical change in 
the eyanide “during a period of time com- 
parable to that required for the sewage to 
be conveyed to the sewage works and to 
pass through sedimentation tanks.” 

The effect of cyanide on anaerobic fer- 
mentation of sewage was studied using 
sodium sulfate and colloidal iron as indi- 
eators of putrefaction. Two series of tests 
were made using sieved sewage to which 
was added the indicators and from zero 
to 100 p.p.m. cyanide (expressed as HCN). 
Results showed that, with temperature 
maintained at 26.7° C., only those samples 
containing no cyanide decomposed rapidly 
and none with coneentrations greater than 
4 p.p.m. cyanide (expressed as HCN) 
showed signs of decomposing within four 
days. : 

Experiments on activated sludge were 
conducted in quart and 4-liter bottles into 
which air could be drawn. Tests were 
made using both Modgen treatment plant 
activated sludge and activated sludge pro- 
duced in the bottles. To the sludge re- 
maining after supernatant liquors were 
removed, further quantities of sewage 
alone and sewage plus cyanide were added, 
and aeration resumed for periods from 
6 to 22 hours. Results clearly show that 
with a concentration of 5 p.p.m. cyanide 
(as HCN) in the sewage added to the 
activated sludge, although much cyanide 
is blown off as HCN, that which remains 
has a marked inhibitory effect on the 
purification process. No lower concen- 
trations of cyanide were tried. 

Attempts to acclimatize the sludge to 
cyanide by using successive volumes of 
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sewage plus cyanide in the aeration bottles 
failed, so tests were then made to deter- 
mine if activated sludge could be built 
up afresh from sewage containing low 
concentrations of evanide. It was de- 
termined that 1 p.p.m. of cyanide expressed 
as HCN in the sewage will retard the rate 
of building up of a good activated sludge. 
A satisfactory sludge was finally obtained 
after 75 fillings of the aeration bottle, 
but upon increasing the dosage to 2 p.p.m., 
eyanide (as HCN) purification was agairt 
retarded and, even after continued aera- 
tion through a total of 277 fillings, the 
sludge was not satisfactory. 

The effect of cyanide on the purifica- 
tion process depends to some extent on 
the proportion of sludge to the sewage em- 
ployed. There was a considerable improve- 
ment in the results of aeration of sewage 
containing 2 p.p.m. eyanide when the per- 
centage of sludge in the mixed liquor was 
inereased from 7 to 22 per cent. 

Another test indicated that cyanide in 
low concentrations has an_ inhibitory 
rather than a lethal effect on bacterial life, 
and that, following elimination of cyanide 
from the sewage, the sludge rapidly re- 
covered its activity. For this test sewage 
containing 20 p.p.m. evanide as HCN was 
used. 

It was noted that in all the experiments 
the activated sludge used was highly ae- 
tive and that under normal plant opera- 
tion lower concentrations of cyanide than 
those reported on favorably in the tests 
might have some deleterious effect on 
the sewage works bacterial purification 
process. 

W. A. HASFURTHER 


Recent Advances in the Treatment of 
Sewage by Biological Filtration. By 
B. A. SourHeate. Journal of the Royal 
Sanitary Institute, 67, 3, 169-176 (May, 
1947). 


Research work on biological filtration 
has led to major advances in the use of this 
type of waste treatment. This paper sum- 
marizes briefly the advances made in recent 
years in this field. 

When study of improvements in biolog- 
ical filtration was begun it was general 
practice to pass the settled sewage through 
a single trickling filter or a number of 
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filters in parallel. It was generally agreed 
that efficient distribution of the sewage 
was important, that the media should be 
properly graded, and that there should be 
adequate facilities for natural ventilation. 
Filters averaged around 6 ft. in depth. 
Factors known or thought to affect the 
rate of treatment were degree of aeration, 
temperature, and growth of biological film. 
The improvement problem centered around 
modifications in design or operation which 
would permit reduction in cost. 

The problem of increasing the overall 
rate of dosage is often not that of increas- 
ing the working efficiency of the biological 
film but of retarding its growth so that 
the filter does not become clogged. One 
process which enables sewage to be treated 
in trickling filters at a high rate without 
excessive film growth is that of filtration 
with recireulation of effluent. Interest in 
this process dates from American experi- 
ments on a semiworks seale in 1937. In 
1941 large scale experiments were begun 
by the Water Pollution Research Labora- 


tory. In these experiments effluent from 
a filter, after sedimentation, was mixed 
with an equal volume of settled sewage 


and the mixture applied to the filter. 
Average results for a filter loading of 200 
to 248 gal. per day per cu. yd. of filter 
media and a settled sewage B.O.D. of 105 
to 175 p.p.m. were as follows: final effluent 
B.O.D.—9 to 17 p.p.m.; nitrate in final 
effluent—3 to 16 p.p.m. as N. A _ note- 
worthy feature of the process was that the 
final effluent contained a smaller concen- 
tration of nitrate than did the effluent from 
a plant not employing recirculation. 

Another process studied was that of 
alternating double filtration. Under the 
conditions of one experiment the results 
obtained by alternating double filtration 
were better than those from the process of 
recirculation of a volume of effluent equal 
to that of the settled sewage. 

Another recent advance in biological fil- 
tration has been the development of the 
covered, aerated filter. In this type of 
filter the top is completely closed and air 
is supplied to the filter by a fan. Several 
experiments have been made in which the 
performance of full-scale covered, aerated 
filters has been compared with that of 
open filters treating similar settled sewage. 
The experiments covered periods ranging 
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from 42 to 156 weeks and an abstract of 
the results is as follows: 






































Rate of Settled Effluent 
Treatment (p.p.m.) 
Kind of Filter and —Gal. per |__-_SEE 
Depth of Media Cu. Yd se 
per Day | B-0.D. “sn 
Open, 5 ft. 7} in. 49 43 14 
Closed, aerated, 15 ft. | 119 42 9 
Open, 7 ft. 6 in. 77 12 51 
Closed, aerated, 13 ft. 

6 in. | 165 | 25 31 
Open, 6 ft. | 103 54* 8 
Closed, aerated, 12 ft. | 221 46* | 7 
Open 7 ft. 6 in. 116 | 72 | 3 
Closed, aerated, 18 ft. ft. | 234 | 38 1 

| 
Panes ee ay |_| - 
Open 7 ft. 6 in. 17 «| 35 | 4 
Closed, aerated, 18 ft. | 280 (ap-| 24 | 2 
| prox.) | 
| 





* Filtered through paper. 


The B.O.D. values of the settled sewage 
applied to the filters are not given. How- 
ever, oxygen absorbed values (KMnO,, 4 
hours) vary from 84 to 170 p.p.m. and 
efficiencies in reduction of oxygen absorbed 
values vary from roughly 50 to 90 per cent. 
Oxygen absorbed and B.O.D. values are, 
apparently, approximately comparable. 

Several theories, none entirely satisfac- 
tory, have been advanced to explain to the 
greater efficiency of the closed, aerated 
filter over the open filter. These include 
more nearly constant temperature in the 
closed filter, quick removal of carbon di- 
oxide, and larger number of insect larvae. 

On the other hand, experiments con- 
ducted in South Africa, while not yet com- 
pletely reported, indicate that if the filters 
are not overloaded, the performance of 
covered and uncovered filters is about the 
same. When overloaded, however, the 
open filters’ pond more readily. Those 
conducting these experiments attribute the 
high efficiency of both the closed and open 
filters tested to the fact that they are 
deeper than filters of ordinary design. 

The author concludes that the whole field 
of biological waste treatment has reached 
an interesting stage and that what is 
needed is a continuation of experimental 
work. Five tables. Thirteen references. 

Paut D. HANEY 








Industrial Wastes—Results of Operation 
of Small-Scale Diffusion Batteries With 
and Without Reuse of Process Water. 
By T. W. Branpon, International Sugar 
Journal, 49, 154-156 (1947). 


Experiments to determine whether the 
reuse of process waters, normally wastes 
of high pollution characteristics, adversely 
affects the quality of the diffusion juices 
in the beet sugar manufacture were made 
at the Peterborough beet sugar factory by 
the Water Pollution Research Laboratory 
for the British Sugar Corporation. To 
avoid differences of beet composition, fac- 
tory layouts, ete., two small-scale diffu- 
sion batteries were operated in parallel 
using fresh water and return process 
water, respectively. 

Each battery comprised eight cells, a 
cell having the capacity of about four 
liters and holding about 2 kilograms of 
cossettes. The batteries were equipped to 
simulate conditions of full plant scale, 
were charged with freshly cut cossettes 
from the same chute and were operated 
under the same conditions conforming 
generally to full plant-scale procedure. 
Of four experiments, No. 1 and 2 and No. 
3 and 4, respectively, were identical in 
detail. The use of fresh water and return 
water were alternated in the batteries for 
like experiments and the results for these 
were averaged to compensate for slight in- 
equalities of construction. 

Samples were collected at regular inter- 
vals (each 2 hours for experiments 1 and 
2 and each 1.75 hours for experiments 3 
and 4) of raw juice, battery supply water, 
pulp press water, exhausted slices and 
pressed pulp. Determinations comprised 
sucrose content (in all samples), density 
(of raw juice), pH (of battery supply and 
pulp press water), total weight (of ex- 
hausted slices and pressed pulp), and at 
4.0-hr. and 3.5-hr. intervals, respectively, 
of dry substance in pressed pulp. 

During experiments 3 and 4, samples of 
diffusion juices were subjected to first 
stage carbonization including filtration 
under vacuum in the laboratory. Also ex- 
amples of experiment 3 which had been 
carbonated to the first stage were further 
carbonated to the second stage and vacuum 
filtered. 

The pressability of spent pulp from the 
experiments was determined, subjecting it 
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to pressures of 200 to 250 Ib. per sq. in. for 
approximately five minutes. 

The following conclusions, substantiated 
by tabulized data, were made: 


1. The diffusion juice from a return 
water battery had a density and purity 
generally similar to that from a fresh 
water battery and, further, these values 
were comparable to those obtained in the 
factory processing of the Peterborough 
plant. 

2. The use of return water in a battery 
had no adverse effect on the purity or 
other characteristics of the carbonated 
juice. 

3. The use of return water did not ad- 
versely affect the proportion of sucrose in 
the juice or in the pressed pulp. 

4. The spent pulp from a return water 
battery was more easily pressed than that 
from a fresh water battery, and the lower 
the pH of the return water supplying the 
battery, the greater was the portion of dry 
substance in the pressed pulp for a given 
degree of pressing. , 

Bruce M. McDit1 


Industrial Wastes—Waste Waters from 
Beet Sugar Factories, Their Treatment 
and Disposal. By T. W. Brannon. In- 
ternational Sugar Journal, 49, 98-100 
and 124-126 (1947). 


An increase in beet sugar production in 
Great Britain between 1922-23 and 1938- 
39 from 7,000 to about 500,000 tons, with 
the large volumes of wastes of high-pol- 
luting characteristics incident thereto, and 
by reason of the various methods of waste 
reuse and waste disposal practiced at some 
18 factories in the country, resulted in the 
examination of methods of waste treatment 
at four factories chosen so as to include 
most of the methods now in use. The 
studies were made during the 194445 
campaign by the Water Pollution Research 
Laboratory at the request of the British 
Sugar Corporation. 

The average factory processes approxi- 
mately 2,000 tons per day during a cam- 
paign of about 100 days. The volume of 
untreated waste water may be as high as 
5,000 gal. per ton of beets. Four types of 
wastes of markedly different character- 
istics are produced (Table 1). 
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TABLE 1.—Volume and Biochemical Oxygen 
Demand (B.O.D.) of Waste Waters 
from Manufacture of Beet Sugar 








" ties" : 
aed . (Gal. per Ton 5-Day 
Waste Water of Beet 18.3° C.) 

Processed) P.P.M. 








Transport water | 1,900-3,500 200 
Process water 300-615 | 1,000—1,500 
Drainings from 
lime sludge 40-80 1,500—2,000 
Condenser water | 1,000—3,500 30-50 








These data indicate an estimated popu- 
lation equivalent of untreated mixed 
wastes of about 240,000 for a 2,000 ton 
plant. 

Transport Water. The sedimentation 
and reuse of transport water for fluming 
heets presented no serious difficulty; fac- 
tories used this method successfully. 
Devices at each of the four factories ex- 
amined comprised Hirschfelder tank and 
pond, Borzig tank, or lagoons. Except 
for one installation where soil conditions 
were unusual and the sedimentation period 
(Borzig tank) was short, the average re- 
duction in suspended solids averaged be- 
tween 92 and 98 per cent. Hirschfelder 
and Borzig tanks produced sludge contain- 
ing 260,000 to 280,000 p.p.m. total solids. 
This sludge was discharged to lagoons. 

Experiments of aiding the clarification 
of transport water by chemical coagula- 
tion resulted in some improvement but sug- 
gested that the additional cost was not 
justified. 

Process Water. Suggested methods of 
treatment of this waste by (a) chemical 
coagulation, (b) biological processes simi- 
lar to those used for domestic sewage and 
(c) controlled fermentation, reduce the 
polluting character of the waste between 
50 per cent (for chemical methods) and 
80 per cent (for certain biological proc- 
esses), but these effluents can not be dis- 
charged to most streams in this country 
without causing serious nuisance. A large 
portion of process water is now reused by 
most factories, including the four studied. 

At two of the factories examined, the 
process water was recirculated quickly 
through a small system provided with effi- 
cient sereening. Suspended matter in the 
return water was not excessive. These 
factories operated throughout the cam- 


REVIEWS AND ABSTRACTS 361 


paign without discharging any of this 
waste. The other two, provided with 
larger systems and with less efficient 
sereens, were forced to discharge portions 
of the process water. From one plant the 
discharge averaged 100,000 g.pd. of 
liquid containing 1.1 per cent sucrose and 
having a B.O.D. of about 4,000 p.p.m. 
The conclusion reached as a result of the 
investigation was that properly designed 
equipment for a short period recirculation 
and for effective screening will permit con- 
tinuous reuse of process water without any 
discharge to the receiving stream. 

Drainage from Lime Sludge. Lime 
sludge (50 per cent moisture) from the 
diffusion juice carbonization process rather 
generally is watered to flush the material 
to ponds. Drainage from these ponds has 
high pollution value which depending 
somewhat on the characteristics of waste, 
or water used for flushing purposes. Since 
sludge removed from ponds at the end of 
the campaign for agricultural use also has 
a water content of about 50 per cent, it is 
evident that the pollution factor is the 
water added for flushing. It is concluded 
that arrangements may well be made at 
factories to handle sludge direct from ear- 
bonization processes and thereby avoid an 
objectionable waste. 

Condenser Water. Methods of treat- 
ment and disposal of condenser waters 
(comprising, partly, cooling water from 
seal tanks for barometric condensers, partly 
condensate from evaporators and vacuum 
pans, and sometimes partly cooling waters 
from pulp driers and oil turbine coolers) 
varied from cooling in an atmospheric 
cooling tower and pond in series with 
chlorination and reuse in the factory to 
inadequate cooling-pond systems and ad- 
mixture with other wastes requiring dis- 
charges to the receiving stream. This 
water, though relatively low in oxygen de- 
manding material, has such volume that 
at one plant it reached a population equiva- 
lent of 12,000. 

Adequate cooling, chlorination, and re- 
use in the factory for processing or for 
recirculating in the condenser system 
showed that no serious difficulties are in- 
volved and offered the most promising 
method of disposal. Chlorination is essen- 
tial to repress fungus growths. Liquid 
remaining in the system at the end of the 
campaign can probably be discharged or 
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ean be used for dilution of other ponded 
excess wastes in preparation for biological 
treatment. 

Treatment by Biological Filtration. 
This study indicates that reuses of waste 
waters and elimination of lime drainage 
will reduce the waste problem about 90 
per cent. Experimentation using a perco- 
lating filter 12.0 ft. in dia. by 6.0-ft. deep 
as a pilot plant proved the practicability 
of the modification of ponded excess 
wastes. During the study polluting char- 
acteristics of lagooned liquid gradually de- 
creased with storage so that the rate of 
filter application could be gradually in- 
creased from 60 gal. per cu. yd. per day 
of waste diluted with river water to 300 
gal. per cu. yd. per day (applied without 
dilution), obtaining an effluent with B.O.D. 
content of 20 p.p.m. It is estimated that 
a single percolating trickling filter unit 
60.0 ft. in dia. by 6.0-ft. deep operated 
continuously throughout the year would be 
capable of modifying residual wastes at a 
factory processing 2,000 tons of beets per 
day. It follows that, by recirculation and 
reuse of waste waters and by treatment of 
residual or excess wastes ising biological 
filtration, discharge of polluting water 
from beet sugar factories may be pre- 
vented. 

Bruce M. McDin1 


Recent Developments in the Microbiology 
of Retting. Part II—The part played 
by bacteria in retting the flax and in 
purifying the liquor. Jr. Soc. of Chem- 
ical Ind., Trans. and Communications, 
V. 65, pp. 373-376 (1946). 


Bacteria causing soft rot of potato were 
found to occur consistently in retting 
liquor since the soft rot and retting of 
flax are both due to the decomposition of 
the pectic complex in the middle lamella. 
The number of these organisms increase 
considerably during retting. 

Both soft rot and flax retting were also 
produced by an enzyme preparation of B. 
subtiles in the absence of the cells or their 
growth. The organisms causing both the 
soft rot and retting of flax were mainly 
spore forming anaerobes and to a smaller 
extent spore forming aerobes. The anae- 
robiec spore forming organisms were classi- 
fied as strains of Clostridum tertium. 
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It was found that bacteria in an infu- 
sion of flax under quiescent conditions re- 
sulted in the formation of acidie liquor. 
In a similar infusion, but kept aerobic by 
a current of air, the liquid tended to be- 
come alkaline with much less volatile acid 
content. Aeration also decreased the pol- 
luting strength of the liquor to much 
greater extent than under quiescent con- 
ditions. With continuous aeration during 
flax retting the liquor can be reused for 
subsequent batches of flax. Such a prac- 
tice cannot be accomplished under quies- 
cent conditions because the acidic products 
of metabolism tend to inhibit the growth 
of bacteria when the liquor is reused. 

H. HEUKELEKIAN 


River Pollution: Effects of Chemical 
Works on Fisheries. Anon. The Chem 
ical Age, 62, 1470, 353-354 (Sept. 73, 
1947). 


This is an abstract of a British Field 
Sports Society report on the pollution of 
English salmon rivers. It records the grad- 
ual destruction of salmon fisheries by in- 
dustrial waste and domestic sewage over 
the past 40 years. It lists the volumes of 
wastes discharged into all important 
streams and coastal waters, and estimates 
the annual reduction of the salmon eatch. 

It is pointed out that many industries 
have made a sincere effort to reduce their 
pollution load, but that most are indiffer- 
ent. Also, many of the sewage treatment 
plants are out-dated and over-loaded, but 
very large volumes of sewage are dis- 
charged from communities with no treat- 
ment works. 


The article concludes with a list of treat- . 


ment suggestions for specific wastes, but 
these are necessarily fragmentary. 
Ricuarp D. Hoak 


Slaughterhouse Waste Treatment Guide. 
West VIRGINIA WATER COMMISSION. 
20 pp. (November 15, 1946). 


Terms encountered in slaughterhouse 
waste treatment are de‘ined for the benefit 
of industrial representatives. Results of 
studies in six other states are briefly de- 
scribed, including outlines of several pack- 
ing plant waste treatment plants. 
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A table lists results of flow measurements 
and analyses at four small West Virginia 
slaughterhouses, two with treatment and 
two without. Results at one plant killing 
25 hog-units daily are interesting because 
of the results obtained with septie tank 
treatment, although sizes of the treatment 
units and details of the survey or collec- 
tion of test samples are not given. Meat 
seraps are rendered but blood is included 
in the wastes. The treatment unit consists 
of three parallel septic tanks and a filter; 
whether sand or rock filter is not noted. 
A partial tabulation of results is as fol- 
lows: 


| Septic 
Raw | wee | Binal 
Analysis | Waste | asco "| Effluent 
| (p.p.m.) | (p.p.m.) | (p.p.m.) 
5 aeeepreaeer Gagerseereger Santora 
B.O.D. 21,810 980 240 


Total nitrogen .— | 
Suspended solids, | 


5,420 | 256 | 130 
| 
| 





total | 12,160 | 182 63 
Methods for reducing wastes in small 


slaughterhouses (less than 40 hog-units 
capacity) which may eliminate the need 
for treatment are outlined. Where some 
treatment is necessary, units such as set- 
tling or septic tanks, dry wells, ete., are 
recommended and described. 

Standard and high-rate trickling filters 
are suggested for larger plants and com- 
putations of design for each system are 
given. Layout and elevational sketches 
are included. 


W. A. HASFURTHER 


Fats and Waxes from Sewage. ANON. 
Chem. Trade J., 121, 321-322 (Sept. 26, 
1947). 


About 4/5 of the wool processed in Eng- 
land (about 1/5 of the world total) is 
handled by the Bradford, Yorkshire, wool- 
combining industry, and the greater pro- 
portion of the wool-scouring liquor passes 
directly to the sewers. The sewage arriv- 
ing at the sewage works averages about 
640 p.p.m. of grease in a highly emulsified 
state. The grease is precipitated with the 
sewage sludge by sulfuric acid, following 
a procedure adopted many years ago. 

After treatment to remove detritus, the 
sewage passes to precipitation tanks where 
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the acid is added. The effluent from these 
tanks is oxidized on biological filters. 
These filters cover an area of 53 acres, and 
are among the largest in the world. The 
filter medium is hard Yorkshire coal. 

The sludge from the acid tanks, plus the 
detritus, is pretreated with sulfuric acid 
and hot-pressed in plate and frame filter 
presses. There are 128 of these, each con- 
sisting of 46 plates 36 in. square. The 
cakes are allowed to mature, when biologi- 
eal action reduces the grease content, then 
ground and sold for fertilizer ecompound- 
ing. From 20,000 to 30,000 tons are sold 
for this purpose annually. 

Grease is separated from the filter efflu- 
ent by flotation, and this raw material is 
clarified in the grease house. Clarification 
is effected by treatment with sulfuric acid 
(5 ‘per cent by weight) and boiling with 
live steam for 3 hours. The crude product 
is about 70 per cent wool grease, and the 
balance is of domestic origin. It is dark 
brown and has an unpleasant odor, but it 
has a uniform composition. Most of it 
has been sold to distilleries. : 

In 1935, the Bradford Corporation en- 
gaged a grease research chemist. This 
move resulted in the production of deodo- 
rized and bleached grades of grease. A 
rust preventive was made, in 1940, by con- 
verting the free fatty acids associated with 
the lanolin into magnesium soaps. Axle 
grease has been made (Crujol) by saponi- 
fication of the grease with powdered caus- 
tie soda. The unsaponifiable matter in 
Crujol is recovered by solvent extraction 
to yield a viscous brown oil called Varwo- 
lax, and a powdered soap ealled Serojol. 
The latter is used as a source of fatty 
acids by splitting with sulfurie acid. The 
former has found applieation in the paint 
trade. 

A handbook dealing with the engineering 
and chemical aspects of the work may be 
obtained from W. H. Hillier, Esholt Hall, 
near Shipley, Yorkshire, England; price, 
5 shillings. 

RicHarD D, HoaK 


Refinery Waste Disposal—XIX. Mbodifi- 
cations of Oil-Water Separators to Meet 
Specialized Applications. By W. B. 
Hart. Petroleum Processing, 2, 632- 
639 (Aug. 1947). 








The oil-water separator described in pre- 
ceding articles is the most modern equip- 
ment of its kind, but under some conditions 
a lower degree of treatment may be satis- 
factory, or a waste may be more readily 
settleable. 

Where a‘refinery produces light prod- 
ucts (40° API or lighter) a simple sepa- 
rator may be effective, because these oils 
rise rapidly, do not emulsify readily, and 
chemical treatment is not usual in their 
manufacture. In such instances, a ree- 
tangular basin with a waste distribution 
section, but without a film rupture cham- 
ber, will serve very well. The basin 
should have a device for removing the 
floated oil and a travelling suction pump 
for removal of sediment; where sediment 
volume is small, a single portable pump 
may be used for several basins. If a 
higher degree of cleanup is necessary, the 
basin may be provided with a redistribu- 
tion baffle, thereby dividing it into primary 
and secondary sections. Where finished 
products are packaged, stored, or moved, 
only runoff water may require treatment. 
Here there will rarely be emulsions, but 
silt, sand, and cinders will be present, and 
separation may be effected in a single 
basin with a primary zone for solids re- 
moval separated from a secondary zone by 
a double baffle; oil can then be recovered 
in the secondary section. 

It is important that careful considera- 
tion be given all conditions before deciding 
that a complete separator is not required. 
Too often wishful thinking has prompted 
the installation of an improper separator, 
and the device is then condemned because 
it will not yield a suitable effluent. Com- 
plete separators have also been condemned, 
usually because an inadequate survey (or 
none) has been made, and in such cases 
effluents have been unsatisfactory. 

Separators, once installed, cannot be 
forgotten; they need proper maintenance 
and continued attention to operation. 
Worn, broken, or corroded parts must be 
replaced promptly, particularly must the 
knife-edges of weirs be kept clean and 
level. Film rupture chamber packing 
must be cleaned rather frequently; careful 
“rubbing” of the packing will often suffice, 
but if the chamber tend to plug, the pack- 
ing must be removed for cleaning. A 

schedule for lubrication and inspection is 
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desirable to insure that bottom scrapers 
and pump lines are in good condition. 

Separator operation should be based on 
constant availability of design capacity. 
If settleable matter is allowed to build up 
on the bottom, the cross-sectional area will 
be reduced and flow rate and turbulence 
will inerease, resulting in poor separation. 
Bacterial action in bottom sludge will 
evolve gases that will interfere with opera- 
tion. Flight serapers should be operated 
often enough to keep bottom sludge at a 
minimum; usually twice each 8-hour shift 
will suffice. 

A false idea is prevalent that an oil 
layer held on the water surface will in- 
crease separator efficiency. In a properly 
designed’ and operated separator, oil glo- 
bules that reach the surface will stay there 
with no help from an oil layer; also, evapo- 
ration from such an oil layer may create 
a serious fire hazard, for losses up to 30 
per cent have been observed. Separators 
have sometimes been covered to eliminate 
fire hazard, but such practice converts the 
separator into a bomb; ignition of the 
right air-vapor mixture could cause a ter- 
rifie explosion. Best practice is to leave 
the separator open and keep the surface 
reasonably free from oil. 

Separators should, wherever possible, be 
operated on a 24-hour basis. This should 
be done not only because of their opera- 
tional requirements, but because they serve 
as a good indicator of abnormal condi- 
tions in the refinery. Also, separators are 
not designed for great oil storage capac- 
ity. If a break occurs and constant at- 
tention is lacking, the facilities will be 
overtaxed and oil will be lost to surface 
water. 

Where a waste treatment problem occurs 
at a refinery there is a tendency to decide 
that an oil-water separator will solve the 
problem. No separator that operates by 
gravity is a panacea for all pollution ills. 
Where heavy oils must be separated, the 
difference in gravity between oil and water 
becomes very important; at gravities be- 
low 18° API, the separator length increases 
very rapidly for effective separation. For 
such heavy oils other methods of separa- 
tion should be considered. 

Separator operation is limited by stable 
oil-water emulsions, where water is the 
continuous phase. These emulsions mix 
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with water in all proportions, and the 
emulsion will not break naturally even 
after years of storage. Special treatment 
must be employed to break them. 

Suspended matter also may limit sepa- 
rator operation. With fine particles, 
where the surface/volume ratio is high, an 
oil coating may be of such a character that 
the settling tendency of the particle may 
just neutralize the tendency of the oil to 
rise, and the particles plus their oil layer 
will eventually pass out with the separator 
effluent. Those cases where the oil carries 
the particle to the surface, or the particle 
carries the oil to the bottom, are obviously 
beneficial. 

Where bottom sediment captures large 
amounts of oil, the oil will not disengage 
itself from the silt and rise. In some 
eases as much as a barrel of oil may be 
trapped by a cubic yard of sediment. 
Sludge of this kind must be handled with 
care, and usually the oil must be separated 
from the silt for reasons of economy, and 
to avoid water pollution from the silt 
dump. Cone-bottom tanks, with oil skim- 
mers and compressed air for agitation, 
have been used to separate oil from silt. 
But even the washed silt may retain some 
oil and it should be used for fill to permit 
bacterial action to destroy the residual oil. 

RicuarD D. Hoax 


Random Reflections on Sewage Purifica- 
tion. By JonN Huruey. The Surveyor, 
106, 655-658 (Dec. 19, 1947). 

Sewage treatment is recognized as an 
essential service, and, of all municipal 
services, is motivated by most unselfish mo- 
tives. Other services are provided for the 
benefit of the local tax payer; sewage 
treatment is provided for the benefit of 
the inhabitants of communities further 
down the stream. In some instances local 
residents may be bothered by flies and 
odors from the works, and would be better 
off were a plant not provided. 

An argument of this kind leads naturally 
to ‘regionalization in sewage disposal. “Tt 
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can be said that there seems no immediate 
prospect of comprehensive centralization 
or regionalization of sewage disposal.” 
There have been proposals of the organiza- 
tion of districts for sewage treatment tak- 
ing in entire drainage areas. Organiza- 
tions on such a seale would not necessarily 
contemplate a single works for the entire 
area. It would appear at the present 
time that perhaps the formation of joint 
sewage boards to serve two or more neigh- 
boring municipalities would be more in 
order. 

In some cases there would accrue great 
advantage with combined — supervision. 
This would be particularly true in case a 
large competent staff of a large works 
could advise and consult in the operation 
of small outlying works. Bringing the 
sewage to a single point for treatment 
might entail too great expense for sewers. 

Regarding pollution of streams and the 
work of the Rivers Boards it appears that 
there is a wide variation in what is ac- 
complished in pollution prevention. At 
present there are some 1,600 authorities 
which share the responsibility for pollu- 
tion prevention. Those making the at- 
tempt to do the work find it difficult, as 
the present law is none too helpful. The 
Rivers Board Bill to be pushed during this 
session of Parliament will be welcomed by 
those concerned with condition of the 
streams. “These 29 boards will have very 
comprehensive functions, covering in ad- 
dition to pollution prevention, the work 
now done by Catchment Boards and Fish- 
ery Boards, plus certain other responsi- 
bilities in special cases. Their boundaries 
will be delineated by drainage areas, not 
by artificially drawn lines such as county 
or borough boundaries.” 

The formation of rivers boards, with the 
whole of a watershed under the control of 
a single authority, should be very helpful. 
A strong board in charge of a river should 
serve as much a protection to an efficient 
sewage works as it would a scourge to the 
works not producing the best possible 
effluent. 

T. L. Herrick 
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1947-48 OFFICERS 


President: George S. Russell 
Vice-President: V. M. Ehlers 
Treasurer: W. W. DeBerard 
Executive Secretary-Editor: W. H. Wisely 
Advisory Editor: F. W. Mohlman 


PAST PRESIDENTS 


Name Period Served 
Seem S A RUMOR TIOND oS 25:6, 0:56: pune oluleewisle'e ie te'a wo wi 1928-41 
SMES MEST OROE ONL, fo 5 ios oS ae Rp eee eS hina wie elke a's 1941-42 
SRM UNTE aS CUMSMNTINETILON 5/50 co 5.5.0 10:5 dies alere. pile wiser 1942-43 
AM URE IUN IA 655 ic ha 1d cae to als is ue aw bie eee eluate ees oe 1943-44 
ATED in Ui CED Cs | Eo ra a 1944-45 
RAI EA ESS PR NGECANNSS © Soo cass < 55: 6 ain'g bw stn S005 5) 0 hw, Ries ob Sw 1945-46 
BARI RS RS SeMINREN aid rs 5. ove G15 0 Flv wialy'b we wiles Came s 1946-47 


HONORS AND AWARDS 
Honorary Members 


The qualifications for Honorary membership in the Federation are set forth in 
Article II, Section 4 of the By-Laws. Honorary Members are elected upon recommen- 
dation by a committee comprising the President and four latest Past Presidents, the 
senior Past President as chairman, in accordance with a policy adopted by the Board of 
Control on October 23, 1943. Honorary Members elected to date are as follows: 


LOUIE ASO SIOTOON 6556650555 20s Geis ose wie asses exeace 1941 
SPIRIT ES SE 9.5 ie 'Sicis')p a divas sie diglota ee wise kaa oes 1942 
PENN MND COMBED OR | 54h wi aio in ge sie ois Wc 44 VAG 0-0-9 ap Sa 1942 
SERRA MR RCINED Bese h ois hole 3. p's 0553's hoe pees Gays 1942 
CSTE 6) SAS 5 07 US oe ee 1943 
ANGRY via GPRUNIRPON SAMOS © 5.5 5550505 & asia wiles joanna, slo's 0.00 6.8 1943 
BIGVA) WVMMIAIN DUODUAN oo. see cs cule wc ccves eee seeic 1944 
MERE) ROENITISS ED cine 5 see's 014 fe \in/d/b.s wis ae aiele ieee Gin wee 1945 
MP RBI BON MOPENATA 66 ba 6s ciscbueesen usecase saus 1946 


The Harrison Prescott Eddy Medal 


The Harrison Prescott Eddy Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding research contributing in important 
degree to the existing knowledge of the fundamental principles or processes of sewage 
treatment, as comprehensively described and published during any stated year in SEWAGE 
Works Journal.” The award commemorates Harrison Prescott Eddy, a famous engi- 
neer and a pioneer in the art of sewage treatment. 

Past recipients of the award are: 


SUMMER MUNN MANEING ORGIIIND © e 55's 0. 515/410 le 019.010, 2/00 bia sie elon ale 9 1943 
BERRA ROIIIAL 5 55 5 5. 6 5 65'S sisiein'o Sie aewe eG S0815 1944 
ENE ER ETRE 5 Ly nis 5's sielgids dio.o bas ode oes.00sb5055GR 1945 
PAR MREIRMEEBN 5 oi5.53.s sa phisiniaiglba sbi Sis Vai wiwe oo85% 1946 
Richard Pomeroy and Fred D. Bowlus ............... 1947 


* Deceased. 
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The George Bradley Gascoigne Medal 


The George Bradley Gascoigne Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding contribution to the art of sewage 
treatment works operation through the successful solution of important and complicated 
operational problems, as comprehensively described and published during any stated year 
in SEWAGE WorKS JouRNAL.” This award is in memory of George Bradley Gascoigne, 
a prominent consultant from 1922 to 1940, who demonstrated an unusual interest in mat- 
ters of sewage works operation. 

Past recipients of this award are: 


RCNA NA ON VUNG ds ste ca Payscdere cele te-ai-siaice nears selelie:lexaltae bie wieder 1943 
games 2. luyneh and ORT. Mann: ciscicaciccsccscceees 1944 
EAD WM BOTAN a cheials ois cig 5 mies gS uia clea s awiete seas 1945 
MSGIROY. WWAIDHOIG: VAN. ISIGCCK: 665.656 a.0lare Wie ersiaie-0. 0, sceeisleuaia 1946 
PPE RL 011 Mn eo DN a A 1947 


The Charles Alvin Emerson Medal 


The Charles Alvin Emerson Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding service in the sewerage and sewage 
treatment works field, as related particularly to the problems and activities of the Fed- 
eration of Sewage Works Associations in such terms as the stimulation of membership, im- 
proving standards of operational accomplishments, fostering fundamental research, ete.” 
This award honors Charles Alvin Emerson, who served as President of the Federation 
from 1928 to 1941 and holds the distinction of being its first Honorary Member. 


Past recipients are: 


LOVE. VV Tee: UOT 5 cis drb ashes asi sleis ie aud Scdla-e abel 1943 
sie ULE! 5777s (2) bi: ea a 1944 
EPATOU WVEITIET: ULCELOE) soy csiais ais 5srsieleraice sioes aie eave oa 1945 
ey WIRE LOD GNGEOAS 650 oils chee eecasives nae te® 5 1946 
IGHEDOON] ECRTRE VN ais oi ais oI a eG eeine seamless 1947 


The Kenneth Allen Award 


Each Member Association of the Federation is privileged once in each three years 
to designate one of its members to receive the Kenneth Allen Award “for outstanding 
service in the sewage works field, as related particularly to the problems and activities 
of any Member Association.” The award commemorates Kenneth Allen, an eminent 
engineer who made notable contributions to the creation of the Federation and the New 
York State Sewage Works Association. 

Recipients of this award have been: 


1943 

Name Member Association 
Harry Thornton Calvert: 265 secs so. ewe ile at I. 8. P. (England) 
BAW PID aie 5 ois 5 bas ois Sele eeis's ne ew Ss Michigan 
OU WeMTUS TOSEINS) «..c.'ce celal wiceelec ene ecleeta Federal 
Brick oe rE sais a) sb eos) wales arete wie(hierensre ne Pacific Northwest 
WON Met STROOD cio consis svisee ieee one es owas New Jersey 
ERO GTe ee, "aisles o's 'sslers sree eaiciele dcrotewlewie North Carolina 
Plteed TONY Wevers «oss ccs see Soles caeee Iowa 


WVU IARI SEPGIMOR’ WHBENY o.5:0:0.5) 0:0 cisre ldo sleceialeieiels 0-028 Central States 
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1944 
Name Member Association 
Giron AGM WATA WBRITY oon cc ss cc ove veaes cies Canadian 
a DES er era Georgia 
MUTE EMER AGOBUCS 2 53.56.5055 sso 04 esses Maryland-Delaware 
BO WVGUINPTOUAGNETCDS «00.04.6200 85 00000000 New England 
STEP RI TESOL 5 oi.<.<.c'ee)s sais vib o.s's e's sinc New York 
SORA MIOWOTLOMGINOD 555525 oo va ewe sic snes ees Rocky Mountain 
MOON SSONEMICL ARCYNOIGS 2... 6... eee sce e eases California 
MUMISOT WV AIGDO TOWNE a. soc se ceg cn eecsien cadens Dakota 
1945 
Name Member Association 
PAR SRINEPME DEORES: oo oieois 3-5 ois s o.eie ss) sini we Pennsylvania 
RUPIVIRPC ES TOMRUIRITL 5 cre Sis oss dieiolg sions wee dioelas ans Missouri 
PORN EURO Sanaa ech chs <a sa euw ees uae Arizona 
Frederick Holman Waring .................0. Ohio 
BRR ae MAME PRLEIOTA, PAI a sis ws ow c's Wisse: wie edinis ales ole Florida 
Maeay AsdersOn WGON 2.62. ..q. a0 ese ca ess Kansas 
1946 
Name Member Association 
Grand PNM B ENN BD fo 5 ia sets: 5 eo go jad bine 's wh ieiste ab wine > Texas 
eee Oe LS" CT 1 i aa Federal 
ETL CMNDIIIVIIOR 6 oo. io 8 Gn ns 5:02 Ga nip eso ee ee New Jersey 
CER OTOTE, Jap) 77 (iS ene a ae Michigan 
OID OTU 1 Pep CON C0 ia ae en aE I. S. P. (England) 
Haroidsssenedict Gotaas . 2... 6.6 ce ccc cscs North Carolina 
RUNING OMANI 5 os 5:5 52 ie o.4 0.» eierw semseie bre fae Pacifie Northwest 
ALOT TO AR (1) 1/:) | A ae lowa 
SUNS MMMRIEAN) SE io aie. pis ics Sid's Gin Gi sns SIs aly eer Central States 
194 
Name Member Association 
CUT SS LCT, 0) rn ae California 
ENN td NE PRAMAPION 5. 6:5); 2 56.06 Gte Sle: nase ls lela 6 ais eta Dakota 
COTS SC Figo 01 | US Aa a Georgia 
ROL MNNMDD TENG: BERGIOUIOT: 1 cho: o'o'5e:0)n)s 6 o>. 0: !s'si0%51s aleieless |e Maryland-Delaware 
CPUS OE COST ol or a ee ae New England 
Wellington Donaldson ...... 24.06.5050 cece csces New York 
CES oe Do et ree Oklahoma 
US OU BIR Ch Ol. ere Rocky Mountain 
SUURIANN SUS TTNG Or 85s) cic oe oicwieis.ois\ene'e ae wee aw Canadian Institute 
William Merriam Cobleigh ................... Montana 


The William D. Hatfield Award 


The William D. Hatfield Award recognizes outstanding annual sewage works opera- 
tion reports. Following the 1946 award, the Board of Control authorized identical 


awards for outstanding annual reports prepared (1) for plants serving less than 10,000 
population, (2) for plants serving populations of 10,000 to 100,000, and (3) for plants 
serving populations of more than 100,000 persons. 

Recipients of this award have been: 
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Name 


F. E. Peterson 
John R. Szymanski 


Warren H. Sleeger and George J. Schroepfer 


HONORS AND AWARDS 


1946 
Walter M. Kunsch 


1947 


Membership Prizes 
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Plant Population 
Classification 


Under 10,000 


10,000 to 100,000 
Over 100,000 


Prizes for membership activity in its various Member Associations have been awarded 
The following Member Associations have received these 


by the Federation since 1943. 


prizes: 


Association Year 
Federal Sewage Research Assn. and Central States Sewage Works 
PROSANT., $535 ca tar GROUY sess ea eiai aes tab eee) see SR wae ROE as 1943 
Missouri Water and Sewerage Conf. and Central States Sewage 
IV UIE AN SGI 8 5c Zo 4s Na a5 1s fois Soiee, ABareo Sip taotay chullsbniel bitciateceione epetetererons 1944 
Arizona Sewage and Water Works Assn. and Canadian Institute 
ON BEWARE ANG HAMMAVION: 6556045 a:dciss ais escin Si ereieia selene 1945 
Oklahoma Water and Sewage Conf. and Canadian Institute on 
RSG WEG FANN UMUC OMNY ies sitacaiiavdico ales Wiese anesaheitsscc vs savahiovabsuiat elenaare 1946 
Institute of Sewage Purification (Eng.) and Arkansas Water and 
Sewace 'COnkerence - 6 sis.06.50dcd Mikcesiceds he ciwnaceanan 1947 


Quarter Century Operators Club 


The Quarter Century Operators Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat- 
ment works operation, on a full-time resident basis, twenty-five years prior to the date 


of their admission into the Club. 
of Frank Woodbury Jones, who serves as its registrar. 


Charles C. Agar 
Reuben A. Anderson 
Harry M. Beaumont 
George C. Behnke 
Julius W. Bugbee 
Raymond G. Case 
Kk. Sherman Chase 
Stuart E. Coburn 
Morris M. Cohn 
Earl Devendorf 
John R. Downes 
Almon L. Fales 
Arnold H. Goodman 
Wm. C. Hamm 


The Club was created 


in 1941 under the sponsorship 


The roster: 


Charles C. Hommon 
Frank W. Jones 
Roy 8. Lanphear 
John V. Lewis 

C. D. McGuire 
Arthur H. Niles 

I. H. Nevitt 

Wm. M. Piatt 

Wm. A. Ryan 
Theodore C. Schaetzle 
Glenn Searls 

John §. Simmerman 
H. W. Streeter 

S. L. Tolman 
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ANNUAL MEETINGS AND CONVENTIONS 


Annual 
Meeting 
Number Location Date 
1 Chicago, Illinois * October 16, 1928 
2 New York, New York * January 18, 1929 
3 New York, New York * January 14, 1930 
4 New York, New York * January 22, 1931] 
5 New York, New York * January 22, 1932 
6 New York, New York * January 19, 1933 
7 New York, New York * January 18, 1934 
8 New York, New York * January 18, 1935 
9 New York, New York * January 16, 1936 
10 New York, New York * January 22, 1937 
a New York, New York * January 21, 1938 
12 New York, New York * January 20, 1939 
13 New York, New York * January 18, 1940 
Chicago, Illinois { October 3-5, 1940 
14 New York, New York * January 15, 1941 
New York, New York j October 9-11, 1941 
15 Cleveland, Ohio ¢ October 22-24, 1942 
16 Chicago, Illinois } October 21-23, 1943 
17 Pittsburgh, Pa. ft October 12-14, 1944 
18 Chicago, Illinois * October 17-18, 1945 
19 Toronto, Ont., Can. t October 7-9, 1946 
20 Philadelphia, Pa.* Oct. 10, 1947 
San Francisco, Calif. + July 21-24, 1947 


DIRECTORY OF COMMITTEES 
1947-48 


Constitutional Committees 
(See Article VI of By-Laws) 
EXECUTIVE COMMITTEE OF THE BoarD oF CoNTROL 


George S. Russell, Chairman 


A. KE. Paxton Frank 8S. Taylor 
L. D. Matter John L. Strelow 
F. 8. Friel V. M. Ehlers 


GENERAL Poticy COMMITTEE 


The General Policy Committee studies and recommends to the Board of Control 
upon all matters of policy affecting the well-being and usefulness of the Federation and 
its Member Associations; matters of public relations; the advancement of and the pro- 
fessional and social status of members, and such other matters of similar nature as may 
be referred to it by the Board. 


* Annual business meeting of Board of Control. 
t Convention of membership-at-large. 
} Annual business meeting of Board of Control and convention of membership-at-large. 
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F. §. Friel, Chairman 


A. H. Niles R. E. Fuhrman 
John R. Downes Kenneth Chrysler 
Dana E. Kepner Henry M. Rath 


PUBLICATIONS COMMITTEE 


The Publications Committee arranges the technical programs for the annual conven- 
tions of the Federation and has general supervision of all publications of the Federation. 


C. C. Larson, Chairman 


Rolf Eliassen Harry J. Krum 
F. W. Gilereas F. W. Mohlman 
Carl E. Green W. H. Wisely 


ORGANIZATION COMMITTEE 
The Organization Committee examines and reports to the Board on applications for 
membership in the Federation and endeavors to encourage the formation of new regional 
associations or conferences eligible for membership. 
Earnest Boyce, Chairman 


C. R. Compton R. H. Suttie 


SewaGe WorKS PrActTIcE COMMITTEE 


The Sewage Works Practice Committee reviews and directs for publication any reso- 
lution, report or publication which establishes professional or technical standards in the 
name of the Federation. 


Morris M. Cohn, Chairman 


Norval E. Anderson L. W. Van Kleeck 
D. E. Bloodgood Kerwin L. Mick 

R. F. Brown F. W. Mohlman 

G. P. Edwards A. H. Niles 

F. W. Gilcreas Langdon Pearse 

K. V. Hill Willem Rudolfs 
John W. Hood F. M. Veatch 

C. E. Keefer W. H. Wisely 


C. W. Klassen 


Subcommittee on Use of Sludge as Fertilizer 


This subcommittee of the Sewage Works Practice Committee was assigned to com- 
pile a manual of practice on “Utilization of Sewage Sludge as Fertilizer.” The assign- 
ment has been completed and Manual of Practice No. 2 was published under the above 
title in November, 1946. 


A. H. Niles, Co-Chairman 


Langdon Pearse, Co-Chairman 





F. W. Gilereas 
F. W. Mohlman 
Willem Rudolfs 


T. C. Schaetzle 
L. W. Van Kleeck 
W. H. Wisely 
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Subcommittee on Occupational Hazards 


This subeommittee of the Sewage Works Practice Committee has been assigned to 
compile a Manual of Practice on “Occupational Hazards in the Operation of Sewage 
Works.” The manual has been completed and was distributed to the membership in 
December, 1944. 


L. W. Van Kleeck, Chairman 


S. H. Ash Fred R. Ingram 
Reuben F. Brown L. L. Langford 
Joseph Doman L. E. West 


Subcommittee on Air Diffusion 


This subcommittee of the Sewage Works Practice Committee has been charged with 
the duty of producing a Manual of Practice on “Air Diffusion in Sewage Treatment.” 
The manual is in preparation. : 


Norval E. Anderson, Chairman 


A. J. Beek W. F. Schade 
G. P. Edwards C. B. Townend 
C. T. Mickle 


Subcommittee on Sewer Maintenance 


This subcommittee of the Sewage Works Practice Committee has been directed to 
develop a Manual of Practice on “Maintenance of Sewers and Appurtenant Structures.” 
The manual is in an early stage of preparation. 


R. F. Brown, Chairman 


Thos. B. Garry B. H. Grout 

W. H. Brown, Jr. Roy E. Phillips 

G. E. Fink Richard Pomeroy 
Grant Olewiler Robert P. Shea 

R. L. Patterson John H. Brooks, Jr. 
Henry Fitch Forest Weber 


Subcommittee on Chlorination of Sewage 


This subeommittee of the Sewage Works Practice Committee has been assigned the 
development of a Manual of Practice on “The Use of Chlorine in Sewage Treatment.” 
The manual is in a late stage of preparation. 


F. W. Gilereas, Chairman 


N. S. Chamberlain H. A. Faber 
A. E. Griffin 


Subcommittee on Standardization of Units 


This subcommittee of the Sewage Works Practice Committee has been assigned to 
develop an approved schedule of units to be used in the reporting of plant operation and 
laboratory data. A committee of about forty members is at work. 


Willem Rudolfs, Chairman 
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Subcommittee on Trickling Filters 


This subeommittee of the Sewage Works Practice Committee is engaged in the de- 
velopment of a Manual of Practice to be entitled “Trickling Filters—Their Characteristics 


and Loadings.” 
Kenneth V. Hill, Chairman 


B. F. Hateh Wm. E. Stanley 
W. S. Mahlie 


Subcommittee on Sewer Ordinances 


This subcommittee of the Sewage Works Practice Committee has been assigned the 
preparation of a Manual of Practice concerning the regulation and control of the usage 
of public sewers. The second draft of the manual is undev review. 


D. E. Bloodgood, Chairman 


H. E. Babbitt A. F. Lehman 
Fred J. Biele A. H. Niles 
R. F. Brown B. A. Poole 
M. M. Cohn J. L. Quinn 
Charles A. Davis C. L. Siebert 


C. E. Keefer 


Subcommittee on Sewage Works Accounting 


This sewage works practice subcommittee was created in 1946 for the purpose of 
developing a manual of practice on accounting procedures for municipal sewage works 
functions. A preliminary draft of a comprehensive manual on this subject is now being 


reviewed. 


F. M. Veatch, Chairman 


G. J. Beiswanger K. A. Farmer 
Charles A. Davis Roy E. Ritter 
Alfred A. Estrada S. I. Zack 


Subcommittee on Sanitary Districts 
This sewage works practice subcommittee was created in 1946 to develop a manual 
on the formation and operation of sanitary districts. The subcommittee is now in process 
of organization. 
C. W. Klassen, Chairman 


Subcommittee on Paints and Protective Coatings 


This sewage works practice subcommittee has the function of assembling experience 
and data on paints and protective coatings used in sewage works, to be presented with 
recommendations in the form of a manual. The subcommittee was created in 1946 and 


is now collecting data on this subject. 


Kerwin L. Mick, Chairman 


Virgil Anderson F. W. Pinney 
W. D. Hatfield Arthur J. Seanlon 
J. W. Johnson Walter A. Sperry 


W. T. McClenahan 
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RESEARCH COMMITTEE 


The Research Committee has the function of stimulating research work among the 
various Member Associations, and of cooperating with other organizations in the pro- 
motion of research. 


Willem Rudolfs, Chairman 


H. E. Babbitt H. J. Miles 

D. E. Bloodgood F. W. Mohlman 

G. P. Edwards C. C. Ruchhoft 

H. A. Faber L. R. Setter 

A. L. Genter L. W. Van Kleeck 


H. Heukelekian 


Special Committees 


CoMMITTEE ON AWARDS 


The Committee on Awards was created by the Board of Control on October 11, 1941. 
Functions of the committee are to advise the Board on matters of award procedures and 
to make recommendations as to the annual winners of the Eddy, Gascoigne and Emerson 
Awards. 

G. M. Ridenour, Chairman 


Harold B. Gotaas H. W. Streeter 


Honorary MEMBERSHIP COMMITTEE 
Authorized by the Board of Control on October 24, 1942, this committee comprises 
the President and four latest, living Past Presidents with the senior Past President as 
chairman. The committee reviews nominations for election to the grade of Honorary 
Member and makes recommendations to the Board on such nominations.* 
A. M. Rawn, Chairman 
A. E. Berry J. K. Hoskins 
F. S. Friel George S. Russell 
FINANCE ADVISORY COMMITTEE 
The Finance Advisory Committee was created by the Board of Control on October 
11, 1941, and has the duty of advising the Board and officers of the Federation in finan- 
cial matters. 
W. J. Orchard, Chairman 


F. 8. Friel George S. Russell 


OPERATION ,REPORTS COMMITTEE 


The Operation Reports Committee was created by the Board of Control on October 
11, 1941, to provide for Federation recognition of outstanding operation reports. The 
committee now administers the annual William D. Hatfield Award. 


*See THIs JOURNAL, 16, 1, 196 (January, 1944). 
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A. F. Dappert, Chairman 


Wm. A. Allen Gordon J. Weist 
G. A. Hall 


OPERATOR’S QUALIFICATIONS COMMITTEE 


Authorized by the Board of Control on October 11, 1941, the Operator’s Qualifica- 
tions Committee is assigned to “establish minimal qualifications for operators of various 
classes of treatment works.” The committee also has the duty of collecting and compiling 
data on present procedures in the licensing and certification of operators, for reference 
to Member Associations. 


L. W. Van Kleeck, Chairman 
Wm. A. Allen E. P. Molitor 


INDUSTRIAL WASTES COMMITTEE 


The Industrial Wastes Committee was created by the Board of Control on October 
23, 1943, for the purpose of developing interest in this important field and to direct 
a program whereby the Federation may be of service in industrial waste problems. 


F. W. Mohlman, Chairman 


D. E. Bloodgood V. L. King 
H. W. Gehm L. F. Oeming 
W. B. Hart Wn. S. Wise 


NoMINATING COMMITTEE 


The special Nominating Committee was created by the Board of Control on October 
9, 1946, to function in an advisory capacity to the Election Committee. The Nominating 
Committee is to comprise the last five living Past Presidents, with the senior Past Presi- 
dent as chairman. 


G. J. Schroepfer, Chairman 


A. E. Berry A. M. Rawn 
J. K. Hoskins F. S. Friel 


QuARTER CENTURY OPERATORS CLUB COMMITTEE 


The special Quarter Century Operators Club Committee was created by the Board 
of Control on October 9, 1946. It is the function of this Committee to establish eligibil- 
ity requirements, process membership applications, maintain the roster and supervise the 
activities of the Quarter Century Operators Club. 


Frank W. Jones, Chairman 
Stuart E. Coburn Harold W. Streeter 


LEGISLATIVE ANALYSIS COMMITTEE 


The Legislative Analysis Committee was created by the Board of Control on October 
17, 1945, to study legislation pertinent to the interests of the Federation and to serve the 
Board in advisory capacity. 
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Ralph E. Fuhrman, Chairman 


Earnest Boyce L. D. Matter 
V. M. Ehlers L. F. Warrick 
L. J. Fontenelli R. L. Winget 


David B. Lee 


CONSTITUTION AND ByLAws COMMITTEE 


The Constitution and Bylaws Committee was created by the Board of Control on 
October 10, 1947, to review and develop recommendations for the amendment of the 
existing Constitution and Bylaws of the Federation. 


C. A. Emerson, Chairman 


F. S. Friel W. J. Orchard 
F. W. Gilereas G. S. Russell 


Joint Committees With Other Associations 


CoMMITTEE ON STANDARD MetTHopDS OF SEWAGE AND INDUSTRIAL WASTES ANALYSIS 


Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of Sewage and Industrial Wastes Analysis has functioned with similar com- 
mittees of the American Water Works Association and American Public Health Asso- 
ciation in the production of the laboratory manual Standard Methods for the Examina- 
tion of Water and Sewage. In 1947 the Federation became a joint publisher of this 
book with the above associations. The committee is presently engaged in a comprehen- 
sive research project on analytical methods, which work will continue for at least a year. 
This project is being financed by a grant made through the National Institute of Health. 


W. D. Hatfield, Chairman 


G. E. Symons H. Heukelekian 
S. E. Coburn G. P. Edwards 
D. E. Bloodgood EK. W. Moore 

A. J. Fischer M. Starr Nichols 
F. W. Gilereas Richard Pomeroy 
R. D. Hoak C. C. Ruehhoft 
Keeno Fraschino Willem Rudolfs 
W. S. Mahlie R. F. Weston 


COMMITTEE ON SEWAGE WorKS NOMENCLATURE 


The Committee on Sewage Works Nomenclature was created by the Board of Con- 
trol on January 22, 1937, to function with similar committees of the American Society of 
Civil Engineers and American Public Health Association. This Joint Committee on 
Definition of Terms Used in Sewerage and Sewage Disposal Practice is now engaged in 
the compilation of a “Glossary of Water and Sewage Control Engineering,” in conjunc- 
tion with the Joint Committee on Definition of Terms Used in Water Works Practice, 
which comprises the American Society of Civil Engineers, American Public Health Asso- 
ciation and American Water Works Association. 
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C. J. Velz, Chairman 


C. A. Emerson C. E. Keefer 


COMMITTEE ON WATER AND SEWAGE WorKS DEVELOPMENT 


The Committee on Water and Sewage Works Development was organized in 1943 
to promote the planning of water and sewage works and to encourage the inclusion of 
such projects in postwar planning programs. The committee, temporarily inactivated, 
comprises representatives of the Water and Sewage Works Manufacturers Association, 
American Water Works Association, New England Water Works Association and the 
Federation of Sewage Works Associations. Federation representatives are: 


C. A. Emerson G. J. Schroepfer 


Special Convention Committees 


CONVENTION MANAGEMENT COMMITTEE 
The function of this committee is to supervise details of the management of the 
Annual Meetings of the Federation. 
W. J. Orchard, Chairman 


A. T. Clark W. F. Shephard 
A. EK. Paxton W. H. Wisely 


MEETING PLACE COMMITTEE 
This committee reviews invitations received for the Annual Meetings of the Fed- 


eration and makes recommendations to the Board of Control in regard to the time and 
place of such meetings. 


George S. Russell, Chairman 


A. T. Clark A. E. Paxton 
V. M. Ehlers Daniel J. Saunders 
F. S. Friel W. H. Wisely 


PusBLicITy AND ATTENDANCE COMMITTEE 


The function of this committee is to prepare publicity releases in connection with the 
Annual Meetings of the Federation and to direct the distribution of such material. 


L. H. Enslow, Chairman 


1. J. Cleary A. Prescott Folwell 
M. M. Cohn J. P. Russell 
W. 5S. Foster J. A. Daly 
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SUMMARY OF MEMBERSHIP 
(As at December 31, 1947) 


Federation Members 
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* Not including Dual Members. 
| New Member Association. Admitted to Federation on October 10, 1947. 








Directory of Members 


MEMBER ASSOCIATIONS 


Argentina Society of Engineers, Sanitary Engineering Division (Affiliated 1936). 
Territory: Republic of Argentina. 


FSWA Contact Member: EK. B. Besselievre, Juez Estrada 2840, Buenos Aires, 


Argentina. 


Arizona Sewage and Water Works Association—Sewage Works Section (Affiliated 
1928). 
Territory : State of Arizona. 
President: Harold W. Yost; First Vice-President: John Rauscher; Second Vice 
President: A. A. Frederickson, Jr.; Director: A. L. Frick, Jr.; Secretary-Treasurer: 
George W. Marx, c/o Sanitary Engineering Div., Arizona State Dept. of Health, 
State Capitol Bldg., Phoenix, Arizona. 


Arkansas Water and Sewage Conference—Sewage Works Section (Affiliated 1946). 
Territory: State of Arkansas. 
Chairman: J. R. Pierce; Vice-Chairman: Neal B. Thayer; Director: F. L. MeDon- 
ald; Secretary-Treasurer: Harrison Hale, 118 Chemistry Bldg., Fayetteville, Ark. 


California Sewage Works Association (Affiliated 1928). 
Territory: State of California. 
President: Harold L. May; First Vice-President: Ray L. Derby; Second Vice-Presi- 
dent: Raymond R. Ribal; Director: R. D. Pomeroy; Secretary-Treasurer: Lawrence 
H. Cook, P. O. Box 696, Menlo Park, Calif. 


Canadian Institute on Sewage and Sanitation (Affiliated 1933). 
Territory: Dominion of Canada. 
President: G. H. Richards; Vice-President: T. M. 8. Kingston; Director: R. J. 
Desmarais; Secretary-Treasurer: A. E. Berry, Ontario Dept. of Health, Sanitary 
Engineering Div., Toronto 8, Ontario, Canada. 


Central States Sewage Works Association (Affiliated 1928). 
Territory: States of Illinois, Indiana, Wisconsin, and Minnesota. 
President: H. G. Rogers; First Vice-President: Carl B. Carpenter; Second Vice- 
President: L. S. Kraus; Third Vice-President: H. T. Rudgal; Director: C. C. Lar- 
son; Secretary-Treasurer: Paul W. Reed, 1098 W. Michigan St., Indianapolis 7, 
Ind. 


Dakota Water and Sewage Works Conference—Sewage Works Sections (Affiliated 
1936). , 


North Dakota Section 
Territory: State of North Dakota. 
President: R. J. Lockner; Vice-President: George J. Toman; Director: Roy G. 
Spieker; Secretary-Treasurer: Jerome H. Svore, ¢/o State Dept. of Health, Bis- 
marck, N. Dak. 

South Dakota Section 
Territory: State of South Dakota. 
President: Richard V. Curtis; Vice-President: Don Wessel; Director: Roy G. 
Spieker; Secretary-Treasurer: W. W. Towne; ¢/o Div. of Sanitary Engineering, 
State Board of Health, Pierre, 8. Dak. 
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Federal Sewage Research Association (Affiliated 1930). 
Territory : Federal employees wherever stationed. 
President: Carl E. Schwob; Vice-President: R. N. Clark; Director: Lawrence M. 
Fisher; Secretary-Treasurer: Ralph C. Graber, c/o USPHS, Room 4122 Federal 
Security Bldg., So., Washington 25, D. C. 


Florida Sewage Works Association (Affiliated 1941). 
Territory: State of Florida. 
President: Albert L. McGregor; Vice-President: J. R. Hoy; Director: B. F. Borden; 
Secretary-Treasurer: John G. Patterson, Florida State Board of Health, P. O. Box 
210, Jacksonville, Fla. 


Georgia Water and Sewage Association (Affiliated 1936). 
Territory: State of Georgia. 
President: B. L. Coburn; First Vice-President: D. H. Hurst; Second Vice-President: 
Clyde Angle; Director: H. A. Wyckoff; Secretary-Treasurer: VY. P. Enloe, R.F.D. 
No. 5, Box 363, Atlanta, Ga. 


Iowa Sewage Works Association (Affiliated 1928). 
Territory: State of Iowa. 
President: C. O. Alexander; Vice-President: Lloyd Heller; Director: John L. Stre- 
low; Secretary-Treasurer: Leo Holtkamp, E. Ohio St., Webster City, Iowa. 


Institution of Sanitary Engineers—England (Affiliated 1932). 
Territory: British Empire. 
President: Gordon S. MeDonald; Director: Gordon S. McDonald; Secretary: Kd- 
ward H. Webb, 118 Victoria St., Westminster, S. W. 1, London, England. 


Institute of Sewage Purification—England (Affiliated 1932). 
Territory: British Empire. 
President: F. T. Hambleton; Director: W. F. Freeborn; Federation Contact Mem 
ber: J. H. Garner, 28 Aberford Road, Wakefield, Yorks, England. 


Kansas Sewage Works Association (Affiliated 1935). 
Territory: State of Kansas. 
Chairman: Neal Harr; Vice-Chairman: Ray E. Lundy; Director: P. E. Kaler; Sec- 
retary-Treasurer: James B. Arbuthnot, ¢e/o State Board of Health, Marvin Hall, 
University of Kansas, Lawrence, Kan. 


Kentucky-Tennessee Industrial Wastes and Sewage Works Association (Affiliated 
1946). 
Territory: States of Kentucky and Tennessee. 
Chairman: Julian R. Fleming; Vice-Chairman: L. S. Vance; Director: James Ellis; 
Secretary-Treasurer: R. P. Farrell, 420 Sixth Ave., N., Nashville 3, Tenn. 


Maryland-Delaware Water and Sewerage Association—Sewage Works Section (Affili- 
ated 1928). 
Territory: States of Maryland and Delaware. 
President: J. W. Engle; First Vice-President: R. C. Willson; Second Vice-Presi- 
dent: A. A. Bailey; Director: R. E. Fuhrman; Secretary-Treasurer: Miss KE. V. Gipe, 
c/o State Dept. of Health, 2411 N. Charles St., Baltimore 18, Md. 


Michigan Sewage Works Association (Affiliated 1930). 
Territory: State of Michigan. 
President: T. J. Powers; Vice-President: A. T. Kunze; Director: W. F. Shephard; 
Secretary-Treasurer: D. M. Pierce, Michigan Dept. of Health, Room 334, Adminis- 
tration Bldg., Lansing 4, Mich. 
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Missouri Water and Sewerage Conference—Sewage Works Section (Affiliated 1929). 
Territory: State of Missouri. 
Chairman: Garvin H. Dyer; Vice-Chairman: Emmett E. Gamet; Director: W. Q. 
Kehr; Secretary-Treasurer: Warren Kramer, c/o State Office Bldg., Jefferson City, 
Mo. 


Montana Sewage Works Association (Affiliated 1944). 
Territory: State of Montana. 
Chairman: K. Winebrenner; Vice-Chairman: F. F. Palmer; Director: K. L. 
Chrysler; Secretary-Treasurer: H. B. Foote, Div. of Sanitary Engineering, State 
Board of Health, Helena, Montana. 


New England Sewage Works Association (Afiiliated 1929). 
Territory: States of Maine, New Hampshire, Vermont, Massachusetts, Connecticut 
‘ and Rhode Island. 
President: LeRoy W. Van Kleeck; First Vice-President: Walter H. Brown, Jr.; 
Second Vice-President: Ralph W. Horne; Director: L. W. Van Kleeck; Secretary- 
Treasurer: Walter E. Merrill, ¢/o State Dept. of Health, 511A State House, Boston, 
Mass. 


New Jersey Sewage Works Association (Affiliated 1942). 
Territory: State of New Jersey. 
President: L. J. Fontenelli; First Vice-President: Leslie West; Second Vice-Presi- 
dent: John Struss; Director: P. N. Daniels; Secretary-Treasurer: Michael §. 
Kachorsky, P. O. Box 283, Manville, N. J. 


New York State Sewage Works Association (Affiliated 1930). 
Territory: State of New York. 
President: Edwin C. MeKeeman; Vice-President: Paul E. Bardet; Director: EK. J. 
Smith; Secretary: A. F. Dappert, c/o State Dept. of Health, Albany, N. Y.; Treas 
urer: J. C. Brigham. 


North Carolina Sewage Works Association (Affiliated 1929). 
Territory: State of North Carolina. 
Chairman: W. W. Franklin; Vice-Chairman: R. W. Luther; Director: George S. 
Rawlins; Secretary-Treasurer: G. S. Moore, P. O. Box 125, Albemarle, N. C. 


Ohio Conference on Sewage Treatment (Affiliated 1932). 
Territory: State of Ohio. 
Chairman: L. B. Barnes; Vice-Chairman: E. F. Wittmer; Director: A. H. Niles; 
Secretary-Treasurer: G. A. Hall, 302 Depts. of State Bldg., Columbus, Ohio. 


Oklahoma Water and Sewage Conference—Sewage Works Section (Affiliated 1929). 
Territory: State of Oklahoma. 
President: R. O. Williams; Vice-President: C. E. Moutrey; Director: Frank S. Tay- 
lor; Secretary-Treasurer: H. J. Darcey, State Dept. of Health, Oklahoma City 5, 
Okla. 


Pacific Northwest Sewage Works Association (Affiliated 1933). 
Territory: States of Washington, Oregon, and Idaho. 
President: H. C. Clare; First Vice-President: K. H. Spies; Second Vice-President: 
Emil C. Jensen; Director: C. M. Howard; Secretary-Treasurer: W. P. Hughes, City 
Engineer’s Office, City Hall, Lewiston, Idaho. 


Pennsylvania Sewage and Industrial Wastes Association (Affiliated 1928). 


Territory: State of Pennsylvania. 
President: N. G. Young; First Vice-President: C. H. Young; Second Vice-President: 
E. T. Roetman; Director: L. D. Matter; Secretary-Treasurer: B. S. Bush, e/o Penn- 
sylvania Dept. of Health, Kirby Health Center, Wilkes-Barre, Pa. 
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Puerto Rico Water and Sewage Works Association (Affiliated 1947). 
Territory: Puerto Rico. 
President: Luis Ramos; Director: Alberto Hernandez; Secretary-Treasurer: Manuel 
Vinas-Sorba, 1555 Francia St., Santurce, Puerto Rico. 


Rocky Mountain Sewage Works Association (Affiliated 1936). 
Territory: States of Wyoming, Colorado, and New Mexico. 
President: H. G. Watson; Vice-President: B. V. Howe; Director: W. V. Leonard; 
Secretary-Treasurer: Gerald E. Riepe, 720 Boston Bldg., Denver, Colo. 


Swiss Association of Water and Sewage Professionals (Affiliated 1947). 
Territory: Switzerland. 
President: A. Kropf; Vice-President: H. Bachoffner; Director: Walter Dardel; 
FSWA Contact Member: Walter Dardel, Aarberg (Berne), Switzerland. 


Texas Sewage Works Section (Affiliated 1928). 
Territory: State of Texas. 
Chairman: J. H. Sorrels; Vice-Chairman: Tom Green; Director: KE. J. M. Berg; 
Secretary-Treasurer: V. M. Ehlers, 501 W. 33rd St., Austin, Tex.; Assistant Secre- 
tary-Treasurer: Mrs. E. H. Goodwin. 


Virginia Industrial Wastes and Sewage Works Association (Affiliated 1947). 
Territory: State of Virginia. 
President: Reid W. Digges; Vice-President: Bryant W. Strother; Director: L. L. 
Hedgepeth; Secretary-Treasurer: A. H. Paessler, State Water Control Board, 815 
East Franklin St., Richmond 19, Va. 


West Virginia Sewage and Industrial Wastes Association (Affiliated 1947). 
President: P. D. Simmons; First Vice-President: J. E. Settle; Second Vice-Presi- 
dent: Edward Shroyer; Director: K. 8. Watson; Secretary-Treasurer: R. G. McCall, 
State Dept. of Health, Room 643, State Capitol, Charleston 5, W. Va. 








Bugbee, Julius W. (1942), 290 Mas- 
sachusetts Ave., Providence, R. I. 


Emerson, Charles A. (1941), Havens 
& Emerson, Woolworth Bldg., New 
York 7, N. Y. 


Hyde, Charles Gilman (1943), Cons. 
Engr., 
Berkeley 8, Calif. 


Albert Pipe Supply Co., Inc., Berry 
& N. 13th St., Brooklyn Te te 
Rep. J. J. Dougherty. 


Aluminum Co. of America, 2100 
Sa 7. Pittsburgh, Pa., Rep. 

American oath Co., Waterbury, 
Conn. 

American Cast Iron Pipe Co., Bir- 
mingham, Ala., Rep. E L. Gilder. 


American City Magazine, 470 Fourth 
Ave., New York, N. ., Rep. 
Edgar a; Buttenheim, Pres. & Mar. 

American Concrete Pipe Assn., 228 
N. LaSalle St., Suite 1033, Chicago 
1, Ill., Rep. Howard F. Peckworth, 
Managing Dir. 

American Well Works, Aurora, IIl., 
Rep. W. N Rensburg. 


Armco Drainage Product Assn., Mid- 


dletown, Ohio, Rep. W. H. Spind- 
ler, Publicity Mgr. 
Automatic Control Co., 1005 Uni- 


Ave., St. Paul 4, Minn., 
S. Williams. 


versity 
Rep. J. 


Builders-Providence, Inc., Div. of 
Builders Iron Foundry, P. O. Box 


1342, Providence, R. I., Rep. C. 
G. Richardson. 

Cambridge Instrument Co., 3732 
Grand Central Terminal, New 
York, N. Y., Rep. R. H. Kruse, 
Pres. 

Carter Co., Ralph B., 192 Atlantic 


St., Hackensack, N. J., Rep. J. W. 
Van Atta. 


Chain Belt Co., Milwaukee, Wis., 
Rep. W. B. Marshall, Sales Pro- 
motion Mgr. 

Chapman Valve Mfg. Co., 203 
Hampshire St., Indian Orchard, 
Mass. 


Chicago Pump Co., 
St., Chicago, IIL, 
Spiegel, Vice-Pres. 

Clay Products Assn., 


Rep. Milton 
& Gen. Mgr. 


111 W. Wash- 


ington St., Chicago 2, IIll., Rep. 
J. D. Cook, Sec. 
Climax Engineering Co., Chicago 


Office, 111 W. Monroe St., Rm. 
922, Chicago 3, Ill., Rep. E. D. 
West, Mer. 

Crane Co., 836 S. Michigan Ave., 


Chicago 5, Ill., Rep. G. W. Hauck, 
Mgr., Eng. Sales Section. 


DeLaval Steam Turbine Co., Trenton 


J., Rep. V. Petersen, 

Sales Mgr. 
Dickey Clay Mfg. Co., W. S., 607 
Commerce Trust Bldg., Kansas 


City, Mo., Rep. A. G. Frerking, 
Vice-Pres. & Sales Mer. 


Dorr Co., Inc., a Lexington Ave., 


New York, 


2300 Wolfram | 


2599 Buena Vista Way, 


| 


| 
| 
} 
| 
| 
| 
| 


| Green Bay 
401 











MohlIman, Dr. Floyd W. (1944), 
Dir., Div. of Lab., Chicago San. 
Dist., 910 S. Michigan Ave., Chi- 
cago 5, Ill. 

Moses, Howard E. (1943), Chief 
San. Engr., Pa. Dept. of Health, 
1522 N. Second St., Harrisburg, 
Pa. 


Sewage Disposal Co., Inc., 
930 F St., N.W., Atlantic Bldg., 
Rm. 605, Washington 4, D. C., 
Rep. Homer Trimble. 


Eimco Corp., 3319 S. Wallace St., 


Eastern 


Chicago 16, Ill., Rep. Paul O. 
Richter, Mgr. Central Div. 

Engineering News-Record, 330 W. 
42nd St., New York, N. Y. 

Everson Mfg. Co., 214 W. Huron 
St., Chicago 10, Ill., Rep. R. B. 
Everson, Pres. 

Fairbanks, Morse & Co., 80 Broad 
St., New York 4, N. Y., Rep. 
ee z; Prestler, Mer. Pump 
Sales 


Flexible Sewer-Rod Equipment Co., 
9059 Venice Blvd., Los Angeles, 
Calif., Rep. Peter %. Ciacco, Mgr. 


Gale Oil Separator Co., Inc., 52 
Vanderbilt Ave., New York, N. Y., 


Rep. William A. Gehle, Pres. 
General Chemical Co., 3357 W. 47th 
Place, Chicago 32, Ill., Rep. L. I. 


Birdsall, Tech. Service Div. 

General Electric Co., 1 River Rd., 
Schenectady, N. Y., Rep. H. V. 
Crawford. 


& Foundry Co., 
Rep. John D. 


Pipe 
Va., 


Glamorgan 
Lynchburg, 
Capron. 

Fdy. & Machine Wks., 

S. Broadway, Green Bay, 
Wis., Rep. James P. North, Pres. 
Gruendler Crusher & Pulverizer Co., 


2915 N. Market St., St. Louis, 
Mo., Rep. Willian P. Gruendler, 
Sec.-Treas. 

Hardinge Co., York, Pa., Rep. M. C. 
Fleming. 

Hershey Mfg. Co., Corner of E & 
Second Sts., South Boston 27, 
Mass., Rep. William C. Sherwood. 


Homelite Corp., Port Chester, N. Y., 
Rep. Nelson Thompson. 


Infilco, Inc., 325 W. 25th Place, 
Chicago, Ill., Rep. H. W. Gillard. 

Iowa Valve Co., 201 N. Talman 
Ave., Chicago, Ill., Rep. J. W 
Dousette, Gen. Sales Mer. 

Jeffrey Mfg. Co., Columbus, Ohio, 
Rep. S. L. Tolman. 

Johns-Manville Corp., 22 E. 40th 
St., New York, N. Y., Rep. R. F. 
Orth, Mgr., Transite Pipe Dept. 

Josam Mfg. Co., 1783 E. 11th St., 
Cleveland, Ohio, Rep. Leo N. 
Newman. 

Lakeside Engineering Corp., 222 W 
Adams St., Chicago, Ill. Rep 
R. O. Friend. 


Limestone Products Corp. of America, 
Newton, N. J., Rep. Peter J. 
Kelley, Service Rep. 
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HONORARY MEMBERS 


ASSOCIATE MEMBERS 


| Omega Machine Co., 
| 


| 
Pacific Flush Tank Co., 





Orchard, William J. (1946), Gen. 
Mer., Wallace & Tiernan Co,, 
New: ark, J. 


Pearse, Langdon (1932), San. Engr., 
Chicago San. Dist., 910 S. Michi- 
gan Ave., Chicago 5, Til. 

Rudolfs, Dr. Willem (1945), Chmn., 
Dept. of Sanitation, Agricultural 
Experiment Station, Short Course 
Bldg., New Brunswick, N. J. 


Link-Belt Co., 2045 W. Hunting 


Park Ave., Philadelphia, Pa., Rep. 
William L. Hartley. 

Ludlow Valve Mfg. Co. P. 0. 
Drawer 388, Troy, N. Y., Rep. 
Robert Bischoff. 

Lynchburg Foundry Co., Lynchburg, 
Va., Rep. W. Ray Odor 

} 
| Mathieson Alkali Works, Inc., 60 E. 


42nd St., New York 17, N. Y., 
Rep. J. O. Logan. 

Mine Safety Appliances Co., Brad- 
dock, Thomas & Meade Sts., Pitts- 
burgh, Pa., Rep. N. R. Chilling- 
worth, Sales Statistical Dept. 

Mueller Co., 512 W. Cerro Gordo 
St., Decatur, Ill. 


National Water Main Cleaning Co., 
30 Church St., New York, N. Y., 
Rep. J. A. Frank, Pres. & Gen. 


Mgr. 
Nichols Engineering & Research 
Corp., 60 Wall Tower, New York, 
N. Y., Rep. R. W. Rowen, Vice- 
Pres. 


9 Codding St., 
Providence, R. I. 


4241 Rav- 


enswood Ave., Chicago, IIl., Rep 
L. E. Rein, Pres. 
Pennsylvania Salt Mfg. Co., 40 W. 


40th St., New York 18, N. Y., 
Rep. B. P. Steele. 

Pittsburgh-Des Moines Co., Neville 
Island Branch, Pittsburgh, Pa., 
Rep. J. E. O’Leary. 

Pittsburgh Equitable Meter Co., 
400 N. Lexington Ave., Pitts- 
burgh, Pa., Rep. W. F. Weimer. 

Pittsburgh Pipe Cleaner Co. of New 
York, 3004 Woolworth Bldg., New 
York 7, N. Y., Rep. Kyle I. Rob- 
inson, Pres. 

Proportioneers, Inc., P. O. Box 1442, 
Providence, R. 4. Rep. H. E. 
Hollberg, Vice- Pres. 

Public Works Magazine, 310 E. 45th 
St., New York, N. Y. 

Quigley Co., Inc., sd Fifth Ave., 

New York’ 17, N. 


Royer Foundry & Machine Co., 158 
Pringle St., Kingston, Pa., Rep. 
S. B. Davies, Pres. & Gen. Mer. 


24 W. 


Sewage Works Engineering, 
Y., Rep. 


40th St., New York, N. 
Karl M. Mann. 

Sidu Co., Box 3537, Long Beach, 
Calif., Rep. M. O. Preen. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa., 
Rep. Everett M. Jones, Sales Mgr. 

Smith Mfg. Co., A. P., 545 N. 
Arlington Ave., East Orange, N. J., 
Rep. W. P. Baerenrodt, Treas. 
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United Chromium, Inc, 2751 E. 
Jefferson Ave., Detroit 7, Mich., 
Rep. H. D. McLeese, Vice-Pres. 


United States Pipe & Foundry Co., 
Burlington, N. J. 


30 


Vapor Recovery Systems Co., 
Church St., New York, N. Y., 
Rep. C. T. Stanhope, Eastern 


Sales Mgr. 





CONSOLIDATED MEMBERSHIP DIRECTORY 


Wailes Dove-Hermiston Corp., West- | 
field, N. J., Rep. W. H. T. Thorn- 


hill, Vice- Pres. 

Walker Process Equipment, Inc., 33 
Hoyt Place, Aurora, Ill., Rep. J. 
D. Walker, Pres. 

Wallace & Tiernan Co., Inc., 11 
Mill St., Belleville, N. J., Rep. 
B. M. Lindsay. 

Water & Sewage Works, 155 E. 44th 





St., New York, N 
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—— Co., George H., P. O. 
ox 2590, Los Angeles 28, Calif., 
Rep. R. E. Garwood. 

Wood Co., R. D., Public Ledger 
Bldg., Independence Sq., Philadel- 
phia 5, Pa. 

Worthington 
Corp., Harrison, 


Pump & Machinery 
N. J 


Yeomans Bros. Co., 1433 Dayton St., 
Chicago, Ill., Rep. Charles Yeo- 
mans, Pres. & Treas. 


CONSOLIDATED MEMBERSHIP DIRECTORY * 


Abeles, Joseph C., ‘* ee a 
Besthoff, Inc., 220 42nd §S 
New York, Mm. 2s NT.) 

Abplanalp, C. C., Dist. Mgr., Wal- 
lace Tiernan Co., 1229 W. 
Washington Blvd., Chicago 7, Ill. 
(Cen. St.) 

Acevedo-Quintana, F., San. Engr., 
Instituto Nacional de Obras Sani- 
tarias, Caracas, Venezuela (P.R.) 

Achtenhagen, Arnold, Opr., Sew. 
Disp. Plt., Sheboygan Falls, Wis. 
(Cen. St.) 

Acri, L. P., Dundas Constr., Ltd., 
28 Grove Ave., Toronto 3, Ontario, 
Can. (Can.) 

Adair, Duncan _L., 
Mun. Bldg., Sidney, N. Y. (N.Y.) 

Adams, Charles F., Sew. Supt., 
R. D. No. 1, Duncansville, Pa. 


Village Engr., 


(Pa.) 


Adams, 
Ave., 


Charles L., 3721 Burlington 

Brookfield, Ill. (Cen. St.) 

Adams, Clarence D., Water Pit., 
Supt. & Cons. Chem. Engr., P. O 
Box 307, New Albany, Ind. 
St.) 

Adams, 
2100 S. J 
St.) 


Frank, Opr., Sew. Tr. Plt., 
St., Elwood, Ind. (Cen. 


et: 
Indi- 


Adams, George R., Supt., Sew. 
Pit., 2802 N. Dearborn St., 
inapolis, Ind. (Cen. St.) 

Adams-Hydraulics, Ltd., Peasholme 
Green, York, Eng. (ISP) 

J. J., Supt., Sew. Tr.. Pit.. 
Fremont Rd., San Rafael, 
Calif. (Calif.) 

Adams, J. K., 
10 Knoll 
(N.J.) 

Adams, Milton P., Sec., Mich. 
Stream Control Comm., P. O. Box 
87, Lansing 1, Mich. (Mich.) 

Adams, Robert R., Head Chem. 
Dept., J. EN yaad Co., Green- 
ville aS c. 

Adcock, a, “9 Opr., Sew. Tr. 
Plt., 127 Clinton Ave., New Haven 
13, Conn. (N. Eng.) 

Adkins, W. W., Chem. Engr. Water 
Dept., Asheboro, N.C. GEL.) 
Aeryns, Albert N., San. Engr., 
Dept. of Health, 716 
Ave., Brooklyn, N. Y. (N.Y.) 
Agar, Charles C., Sr. San. 
State Dept. of Health, a 
fice Bldg., Albany 1, N. Y 

Agnano, Paul, USPHS, E. 
Kilgour Sts., Cincinnati 2, 
(Fed.) 

Agostinelli, Anthony J., Plt. Opr., 
38 Holden St., Charlotte Station” 
Rochester, N. 'y. (N.Y.) 

Ahrens, G. C., Soiltone Co., 3126 
Gy . Pl., Des Moines 10, Ia. 

a. 


Adams, 
Upper 


Te. Pit., 
Ne: ys 


Supt., Sew. 
Rd., Tenafly, 


N.Y.) 


pa & 
Ohio 


4 
| 


(Cen. | 


City | 
Greenwood | 


Engr., | 
Of- | 


Albertson, J. G., Cons. 


Albrecht, 


Albright, 
Alcorn, 
A. 
Alden, John W., 


Alderman, 


Alexander, 


Alexander, 


Allen, 


Ake, Sam., Chief Opr., Sew. Tr. Plt., | 
501 Broadway, Bedford, Ohio 
(Ohio) 

Albers, J. C., City Engr. & Street | 
Supt., 120 N. Howard St., Glen- | 
dale, Calif. (Calif.) 

Bowe | 
at. | 


Engr., 
& Albertson, 110 William 
New York 7, N. Y. (N.Y.) 
Robert H., Supt., Pub. | 
Hamilton, N. Y. (N.Y.) 
Philip N., Dist. 
City-Co. Health Unit, 
Falls, Tex. (Tex.) 
James D., Cons. Physicist, 
O. Smith Corp., 524 Hermosa 
Pasadena, Calif. (Calif.) 
County Engr., Rm. | 
County Bldg., Wilmington | 
Del. (Md.-Del.) H 
Frank E., Cons. Engr., | 
Holmes & Narver, 824 S. Figueroa 


Wks., 
Engr., 
Wichita 


Dts, Bs 


133, 


22 
35, 





St., Los Angeles 14, Calif. (Calif.) 

Aldred, H., Supt., Sew. Tr. Pit., 
52 Poyser Rd., Nuneaton, War- 
wickshire, Eng. (ISP) 

Aldrich, Ellwood H., Cons. Engr., | 
66 Milton Rd., Rye, N. Y. (N.Y.) | 

Mee, Lloyd, City Engr., Rm. 600, | 
City Hall, Los Angeles 12, Calif. | 
(Calif.) | 

Aldridge, Frederick F., Dept. of Pub 
Health, 300 Pub. Safety Bldg, 
Seattle 4, Wash. (Fed.) 

Alexander, Allen Y., Opr., Sew. Tr. 
Pit., 222 Monmouth Ave., Dur- | 
ham, N. C. (N.C.) | 

Alexander, Carl F., San. Engr.. 2nd | 


Army Hq., Office of Post Engr., 

Ft. Knox, Ky. (Ky.-Tenn.) 
Charles, Supt. of Util., 

Ta. (la.) 

Louis J., 

Water Co., 

Los Angeles 


Ames, 
Des. Engr., So. 
1206 Maple 
15, Cal. 


Calif. 
Ave., 
(Calif.) 
Alikonis, J. J., Chem., 
& Normal San. Dist., 
ton, Ill. (Cen. St.) 
Alk, Lewis C., Civil Engr., J. B. 
Clow & Son, 6124 N. Tike, 
Chicago 45, Ill. (Cen. St.) 
County San. Authority, 
F. Laboon, 502 City-Co. 
Pittsburgh 19, Pa. (Corp., 


Bloomington 
Blooming- 


Allegheny 
Att: J 
Bldg., 
Pa.) 

Allen, F. W.,  Supt., 
Wks., Great Lever Bolton, 
shire, Eng. (ISP) 

Allen, Jack B., 
Lamar Counties, 
(Ga.) 

James H., Engr., Interstate 

Comm. on Del. River Basin, 581 

Broad St., Sta. Bldg., Philadelphia, 

Pa. (Pa.) | 





Hacken Sew. 
Lanca- 


Pike & | 
Ga. | 


Sanatarian, 
Barnsville, 


* Member Association affiliation shown in parenthesis. 


Allen, T. E., Mgr., 


Indio San. Dist., 
Indio, Calif. (Calif.) 


Allen, William A., Sew. Wks. S 
City Hall, Pasadena, Calif. (Calif 

Allis-Chalmers Mfg, Co., Att: Grant 
M. Hinkamp, Rep. Ind. Sales 
Dept., Milwaukee 1, Wis. (Corp., 
Cen. St.) 

Allison, Eugene H., Opr., Sew. Tr. 
Plt., 675 Sugar Court, Marion, 
Ohio (Ohio) 

Allison, S. L., Supt., Sew. Tr. Pit., 
Rt. 1, Box 1, Corpus Christi, Tex. 
(Tex.) 

Alter, Amos J., P. A. San_ Engr. 
(R), USPHS, Box 378, Juneau, 
Alaska (Fed.) 

American Brass Co., Waterbury, 
Conn. (Assoc.) 

American Enka Corp., Att: J. W. 
Jacokes, Mgr., Chem. Lab., Enka, 
N. C. (N.C.) 

American Viscose Corp., P. O. Box 
468, Wilmington 99, Del. (Corp., 
Pa.) 

American Viscose Corp., Att: LeRoy 
H. Smith, Plt. Mgr., Roanoke, Va. 
(Corp., Va.) 

Ames, L. C., Water Supt., 119 N. 
Main St., Eureka Springs, Ark. 
(Ark.) 

Amill, Julio S., 66 Placid Ct., San- 
turce, P. R. (P.R.) 

Amramy, Aaron, Yahalom  St., 
Ramat-Gan, Palestine (Cen. St.) 


Anaya, Marvin, San. Eng. Designer, 


367 City Hall, San Francisco 8, 
Calif. (Calif.) 

Andersen, C. George, 66 Sherman 
Ave., Rockville Centre, N. Y. 
(N.Y.) 

Anderson, A. C., Engr. in chg. Ref- 
use Disp. & Garages, Dept. of 
Street Cleaning, 90 Albert St., 
Toronto, Ontario, Can. (Can.) 


Anderson, Alva L., P. O. Box 1244, 
Palm Springs, Calif. (Calif.) 


Anderson, C. S., Engr., Tisdale Twp., 
S. Porcupine, Ontario, Can. (Can.) 

Anderson, Carl M., Engr., Maurice 
L. Miller, Cons. Engr., 4809 S. 
Third St., Louisville, Ky. (Ky.- 
Tenn.) 

Anderson, E. J., Agent, Chicago 
Pump Co., 14 ‘Smith St., Detroit 
2, Mich. (Mich.) 

Anderson, E. M., Wilson & Ander- 
son, Cons. Engrs., Box 427, Cham- 
paign, Ill. (Cen. St.) 

Anderson, George H., Cons. Engr., 
Annex Bldg., Herrin, Ill. (Cen. 
St.) 

Anderson, Norman W., Asst. Engr. 
Los Angeles Co., San. Dists., 1206 
S. Maple Ave., Rm. 330, Los 


Angeles 15, Calif. (Calif.) 








388 


Anderson, Norval E., Engr., Tr. Pit. 
Des., San. Dist. of Chicago, 910 
S; 4 ny Ave., Chicago 5, Il. 
(Cen. 24 

Anderson, Supt., Sew. Tr. 
Pit., vase. Poe * Muskegon 
Heights, Mich. (Mich.) 

Anderson, R. V., Civil Engr., Arm- 
strong, Anderson & Co., Rm. 1001A, 
Temple Bldg., Toronto 1, Ontario, 
Can. (Can.) 


a Raymond E., Dist. Chem., 
. Shore San. Dist., Dahringer 
Rd, Waukegan, Ill. (Cen. St.) 


Robert R., Des. Engr., 

Settle, Cons. Engr., Box 
1047, Charleston, W. Va. (W. Va.) 
Anderson, Stuart H., Examining 
Engr., Fed. Wks. Agency, 1614 
17th St., S.E., Washington 20, 
D. C. (Fed.) 

Anderson, Virgil, Supt., Sew. Tr. Plt., 
18330 Trinity, Detroit 19, Mich. 
(Mich.) 


Anderson, 
, 


Anderson, Walter C., Chem., 155 
Liberty St., Brockton 5, Mass. 
(N. Eng.) 

Anderson, Wendell D., Eng. Rep. 


Southern Clay Pipe Co., 526 Ist 
Nat’l. Bank Bldg., Atlanta 3, Ga. 
(Ga.) 

Andrews, John, USPHS, 2000 Mass. 
Ave., N.W., Washington 14, D. C. 
(Fed.) 

Angas, Robert M., Cons. Civil Engr., 
Box 358 Jacksonville 1, Fla. (Fla.) 

Angell, J. M., Jr., Gillette Publish- 
ing Co., 155 E. 44th St., New 
York, N. Y. (N.Y.) 

Anthony, Robert Se 41 S. Main St., 
Hanover, N. H (N. Eng.) 

Antl, John C., Opr., Sew. Tr. Pit., 
1141 Eighth Ave., S., South St. 
Paul, Minn. (Cen. St.) 

Apostol, Louis T., 
ington Elec. 





Sales Engr. Lex- | 
Prods. Co., Inc., | 


27-G_ Riverview _ N. Ar- | 


lington, N. J. (N.Y 


Appel, A. A., Asst, Sew. Maint 


Supt., 711 W. 123rd_ St., Los | 


Angeles 44, Calif. (Calif.) 
Arbogast, Arthur H., Engr. of Com- 


bustion, Combustion Dept., Beth- 
lehem Steel Co., Bethlehem, Pa 
(Pa.) 


Arbogast Jose h H., Opr., Sew. Tr. | 


Pit., Ellsworth St., 
ville, TL Ty St.) 


Naper- | 


Arbuckle, Paul T., Tech. Supt., | 


Amer. Viscose Corp., Nitro, W. 
Va. (W. Va.) 

Arbuthnot, James B., Kan. State Bd. 
of Health, Univ. ” of Kan., Law- 
rence, Kan. (Kan.) 

Archer, E. T., E. T. Archer & Co., 
706 Railway Exchange Bldg., 705 
Walnut St., Kansas City 6, Mo. 
(Mo.) 

Arens, F. D., Sales Engr., 
Equitable Meter Div., Rockwell 
Mfg. Co., 708 Beacon St., Boston, 
Mass. (N. Eng.) 

Argo, John W., 
Storrie, Cons. 
St., Toronto 5, 
(Can.) 

Armeling, George K., Supt., Back 
River Sew. Tr. Plt., Baltimore 24, 
Md. (Md.-Del.) 

Armes, George K., Supt., Water & 
Sew. Plts., City Hall, Ft. Pierce, 
Fla. (Fla.) 

Armour, J. G., Sales Mer., Terry 
Machinery Co., 10030 Montee St. 
Laurent, St. Laurent, Quebec, Can. 

(Can.) 


Ontario, Can. 


Pittsburg | 


Partner, Gore & | 
Engrs., 1130 Bay | 


Atkins, C. H., 


Attwell, 


Auffant, 


Auld, Robert, Civil Engr., 
Austin, 


Averill, 


Avery, James, 


SEWAGE WORKS JOURNAL 


H. W. 
500 Arch 


Armour Leather Co., Att: 
Rozenberg, Chief Engr., 
St., Williamsport, Pa. (Corp., Pa.; 
Dual—W. Va.) 


Armstrong, C. G. R., Cons. Engr., 
Bartlet Bldg., Windsor, Ontario, 
Can. (Can.) 

Armstrong, Charles G., Engr., Gibbs 
& Hill, 523 Hort St., Westfield, 
N. J. (N.J.) 

Armstrong, Paul S., Engr., 915 
Porter St., Easton, Pa. (Pa.) 

Armstrong, T., Sew. Wks., Mable- 
thorpe, Lincolnshire, Eng. (ISP) 

Arnold, E. L., Supt., City Sewer 
Dept., P. O. Box 225, Glasgow, 
Mont. (Mont.) 

Arnold, Earl H., San. Engr., State 
Dept. of Health, Bismarck, N. 
Dak. (N. Dak.) 

Arnold, Gerald E., Dir., Water Dept., 
Civic Center, San Diego 1, Calif. 
(Calif.) 

Arnold, Roy M., Supt., City Sew. 
Dept., Whitefish, Mont. (Mont.) 

Arrowsmith, E. H., Supt., Sew. Disp. 
Wks., Bromwich Rd., Worcester, 
Eng. (ISP) 

Artese, Philip, S 
War Dept., 22 
Bank, N. +: (N 

Artist, L. J., 2 wo Ave., Porto- 
bello, Wakefield, York., Eng. 
(ISP) 

Aschenbrenner, Paul F., San. Engr., 
325 E. Congress St., Rantoul, Ill. 
(Cen. St.) 

Ash, Silmon H., Prin. Mining Engr., 
Bur. of Mines, U. S. Dept. of In- 
terior, 8406 Galveston Rd., Silver 
Spring, Md. (Fed.) 

Ashby, E. Hamilton, Cons. Engr., 
pas a, 139 Sloane St., 
London, S.W. 1, Eng. (ISE) 
Ashdown, Walter L., Supt., Sew. Tr. 
ru, FP. @. Box 158, Chicago 
Heights, Tl. (Cen. St.) 

Ashley, John H., 1273 Cedaredge 
Ave., Los Angeles 41, Calif. 
(Calif). 

Ashwith, Frank C., Comm. of Wks. 
y City Engr., City Hall, Ot- 
tawa, Ontario, Can. (Can.) 

Aslamidis, A., Cons. Engr., 20 Clyde 
R Alexandra Palace, Westmin- 
ster N. 22, London, Eng. (ISE) 

Atherton, Frederick B., 32 West St., 
Rutland, Vt. (N. Eng.) 


USPHS, 6421 Wash.. 

Ave., Kansas City, Mo. (Fed.) 
Atkinson, V. E., Sewer Supt., 804 
N. Wash., Victoria, Tex. (Tex.) 


an. Engr., U.S. 
7 St., Red 


Attapulgus Clay Co., Att: Harold A. 
Thorton, Rep. Adsorbents & Ca- 
talysts, 13th Fl., N.W. Ayer Bldg., 


210 W. Washington Sq., Phila- 
delphia 5, Pa. (Corp., Pa.) 
Walter G., San. Engr., 
Sonoma County, 2323 Humboldt 
St., Santa Rosa, Calif. (Calif.) 
Jose G., Civil Engr., 32 
Gonzalez Ave, Rio Piedras, P. R. 
(P.R.) 

2015 Los 


Angeles St., Santurce, P. R. (P.R.) 


tT. zw. PB: ©. Box 326; 
Charlotte, N. C. (N.C.) 

Walter A., Vice-Pres. & 
Mer., Pacific Builder & Engr., 
3102 Arcade Bldg., Seattle 1, 
Wash. (Pac. NW.) 

City Foreman, City 
Yards, Victoria St., N. Bay, Onta- 
rio, Can. (Can.) 





March, 1948 


Avery, Major N. C., 


Superviso; 
Pit. & Maint., . 


Southbury Training 


School, Southbury, Conn. (N, 
Eng.) 
Axe, Earl 


J., 118 E. Park Dr, 
Raleigh, N. C. (N.J.) 
Ayers, Lewis S., San. 
U. S. Penitentiary, R. 
Lewisburg, Pa. (Pa.) 


Supervisor, 
e N 0. 5. 


Babbitt, H. E., Prof. of San. Eng. 
Univ. of Ill., 204 Eng. Hall, 
Urbana, IIl. (Cen. St.) 

Babcock, Irving, Opr., Sew. 
264 S. Grove St., 
(N.Y.) 

Baber, John E., Dist. Engr., Pacific 
Flush-Tank Co., 404 Hildebrandt 
Bldg., Jacksonville 2, Fla. (Fla.) 


ar. Fi. 
Freeport, N. Y, 


Bachmann, Frank, San. Engr., The 
Dorr Co., 6210 N.E. Sth Ave. 
Miami 38, Fla. (Cen. St.) 


Backherms, A. B., Prin. Engr., 
3438 Sherel Circle, Cincinnati 9, 
Ohio (Ohio) 

Backmeyer, David P., Supt., Sew. 
Tr. Plt., 1520 W.. Fourth St., 
Marion, Ind. (Cen. St.) 

Bacon, Vinton W., Chem., 654 E. 
93rd St., Los Angeles, Calif. 
(Calif.) 

Badger, Irvin " 
Syracuse, N. 

Baer, Arlie, tg Mun. Water 
Dept., Lawrenceburg, Ind. (Cen. 
St.) 


742 Ostrom Ave., 
(N.Y.) 


Baerenrodt, W. Treas., A. P. 
Smith Mfg. Con "545 N. Arlington 
Ave., E. Orange, N. J. (Assoc.) 
Baetz, C. O., 1103 N. Appleton St., 
Appleton, Wis. (Cen. St.) 

Baffa, John J., San. & Hydraulic 
pag» 140 Cedar St., New York 


= (N.Y.) 
Bhs . T., Opr., S. River Sew. 
=e. Ng Rt. 9, _ 392, Atlanta, 
Ga. (Ga.) 


Bahr, Raymond F., 41 Greenway St., 
Hamden, Conn. (N. Eng 

Bailey, F., The Laurels, Summers 
Lane, Finchley, London, N. 12, 
Eng. (ISP) 

Bailey, H. M., City Engr., Yorkton, 
Saskatchewan, Can. (Can.) 

Bailey, Howard E., Cons. Engr., 6 
Beacon St., Boston 8, Mass. (N. 
Eng.) 

Bailey, J. Kenneth, San. Engr., 
Langley Field, 73 Jackson Ave., 
Hampton, Va. (N.C.; Dual—Va.) 

Bailey, J. W., Opr., Sew Tr. Pit., 
525 N. Summit St., Bowling 
Green, Ohio (Ohio) 

Bailey, S. C., Opr., Danville State 
Hosp., Danville, Pa. (Pa.) 

Baillie, E. P., Chem., Sew. Tr. Plt., 
2700 Regent St., Madison 5, Wis. 
(Cen. St.) 

Bainbridge, David W., Twp. Engr., 
Montgomery Co., Chestnut Hill, 
208 Yeakel Ave., Philadelphia, Pa. 
(Pa.) 

Baird, Charles O., Jr., Prof., Civ. 
Eng., Northeastern Univ., 360 
Huntington Ave., Boston 15, Mass. 
(N. Eng.) 

Baird, E. M., Engr., Scarboro Twp., 
11 Avalon Blvd., Toronto 13, On- 
tario, Can. (Can.) 

Baird, Earle E., Cons. Engr., 117 E. 
Poinsettia Dr., Lakeland, Fila. 
(Fla.) 

Baity, H. G., Prof. San. & Mun. 
Eng., Univ. of N. C., Box 899, 
Chapel Hill, N. C. (N.C.) 
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Engr., N. York Twp., 


Baker, G. H., 
Wi Can. (Can.) 


Willowdale, Ontario, 


Baker, J. B., Prin. Sanitarian, State 
Health Dept., Charleston, W. Va. 
(W. Va.) 

Baker, Stanley L., Civil Engr., U. S. 
Eng. Dept., R.R. 3, Box 4850K, 
Renton, Wash. (Pac. NW.) 

Balderston, E. P., Jr., Rep., Eddy- 
stone Mfg. Co., Gibson Bldg., 
Chester, Pa. (Pa.) 

Baldinger, Fr., Ing., im Quell 252, 
Rohr, Aargau, Switz. (Switz.) 

Bale, Harvey E., Asst. Engr., Al- 
bright & Friel, “ 18 S. 50th 
St., Philadelphia, (Pa.) 


Balfour & Sons, D., pie Dh Bidg., 
145 Pilgrim St., Newcastle-on- 


Tyne, Northumberland, Eng. (ISP) | 


O. V., Sr. San. Engr., Ontario 
Dept. of Health, 27 Webb Ave., 
Toronto 9, Ontario, Can. (Can.) 


Robert R., Jr., Ind. Engr., 
DuPont de Nemours, Eng. 
Wilmington, Del. (N. 


Ball, 


Balmer, 
E. 1. 
Dept., 
Eng.) 

Balsom, E. V., San. Engr., 96 Vic- 
toria St., Westminster, S.W. 1, 
London, Eng. (ISE) 

Baltimore, City of, Bur. of Sewers, 
Dept. of Pub. Wks., 312 Mun. Of- 
fice Bldg., Baltimore 2, Md. (Md.- 
Del.) 

Bamford, J. H., Water Supt., 
ton, Wash. (Pac. NW.). 

Banister, A. W., Cons. Euyr 
ter Eng. Co., 1549 Univ. 
Paul 2, Minn. (Cen. St.) 

Banks, Harvey O., Civil & Hydraulic 
Engr., Harod Conkling, Cons. 
Engr., 1628 N. Roosevelt Ave., 
Pasadena 7, Calif. (Calif.) 

Bankson, Ellis E., Cons. 
Chester Engrs., 6562 
Pittsburgh, Pa. (Pa.) 

A. Perry, Asst. Prof., San. 
Calif. Inst. of Tech., 159 
View Rd., Pasadena 2, 
(Calif.) 

Burwell, City Engr., 
(Pac. NW.) 

W. G., San. Engr., 
oe Wensleydale Rd., 
ton, Middlesex, Eng. SE 
Bardes, Daniel, Opr., Sew. 

09 Oswego St., Liverpool, 

(NY. ) 

Bardet, Paul E., Sen. 
Engr., Jamaica Sew. Tr. 
27 183rd_ St., Flushing, 
(N.Y.) 

Bardon, Edward F., Supt. of Plumb- 


Day- 


, Banis- 
Ave., St. 


Engr., The 
Bartlett St., 


Banta, 
Eng., 
Sierra 
Calif. 

Bantz, 
Wash. 


Barclay, 
lisle,’ 


Tacoma, 
“Car- 
at, Fit, 
mw. -%. 
Stationary 


Pit., 75- 
Ni. Y. 


ing, Voorheesville Army Depot, 19 
Hampton St., Albany, N. Y. 
(N.Y.) 


Bargman, R. D., Chem. Eng. Assoc., 
by Floor, City Hall, Los Angeles 
, Calif. (Calif.) 


sees J. Conrad, Jr., Supt., Pump- 
ing Station, Lower Merion Twp., 
75 E. Lancaster Ave., Ardmore. 
Pa. (Pa.) 

Barker, Stanley T., Chief, Bur. of 
Sew. & Waste Disp., State Dept. 
of Health, _ Office Bldg., Al- 
bany 1, N. Y. (N.Y.) 


Barklage, O. Me Sales Engr., Water 
& Sew. Tr. Equip., 423 S. 38th | 
Ave., Omaha, Neb. (Ia.) 

Barnes, Charles R., Draftsman, 534 
N. Third St., W. Fairview, Pa. 
(Pa.) 

Barnes, Fred P., Supt., Sew. Wks., 


Lathrop, Mo. ’(Mo.) 








Hamp- | 
) | 


Barnes, George E., Prof., Civil Eng., 
Case Inst. of Tech., Cleveland 6, 
Ohio (Ohio) 

Barnes, L. B., Supt., 
441 S. Prospect, 
Ohio (Ohio) 

Barnett, G. R., 519 Commercial 
Bank’ Bidg., Peoria, Te (Cen. St:) 

Barney, J. W., City Mgr., Hillsboro, 
Ore. (Pac. NW.) 

Barnhart, Thomas F., Pa. Dept. 
Health, Bur. of San. Eng., 
First Nat’l. Bank Bldg., 
burg, Pa. (Pa.) 

Barnhill, John T., 179 Milton St., 
Wallaston, Mass. (Cen. St.) 

Barnhill, Kenneth G., San. Engr., 
Ind. Sales Dept., Permutit Co., 
229 W. 78th St., New York 24, 
N; ¥. NY.) 

Baron, A. R., Dist. Pub. Health 
Engr., Mo. State Bd. of Health, 
Fredericktown, Mo. (Mo.) 

Barraclough, D. H., Chief Insp. oe 
Wks., Metro. W. S. & D. 

341 Pitt St., Sydney, 
Australia (ISP-Eng.) 
Barrett, Cecil H., Sr. Des. Engr., 
443 City-County Bldg., Div. of 
Des., Dept. of Pub. Wks., Pitts- 

burgh 19, Pa. (Pa.) 

3arrett, J. O., Opr., Sew. Tr. Wks., 
9309 Carton St., Cleveland, Ohio 
(Ohio) 

Barrett, J. S., Gen. Contractor, P. O. 
Box 278, Newport Beach, Calif. 
(Calif.) 

Barrett, Max L., Ind. State Bd. 
Health, 1700 N. Harrison St., 
Wayne, Ind. (Cen. St.) 

Barrick, M. J., Dist. Engr., 
Dept. of Health, 138 E. Third St., 
Williamsport 6, Pa. (Pa.) 

Barron, James L., San. Engr., 
Biscuit Co., 449 W. 14th St. 
New York 14, N. Y. (N.Y.) 

Barron, W. T., 610 Redgete Ave., 
Apt. 4, Norfolk, Va. (Va.) 

3arry, Lester S., 235 
St., San Francisco 6, Calif. (Calif. 

Barry, W. Vincent, 200 Orange St., 
New Haven 10, Conn. (N. Eng.) 


Sew. Tr. Wks., 
Bowling Green, 


of 
415 


of 
Ft. 


Barstow, E. D., Cons. San. Engr., 
Barstow & LeFeber, Inc., 31 N. 
Summit St., Akron 8 , Ohio (Ohio) 

Bartholemew, David Wm., Opr., 
Sew. Ir. _ Pit... 522. Wash: St., 
Hudson, N. Y. (N. Eng.) 

Barton, Ben H., Supt., Sew. Tr. Plt., 
207 Locust St., Findlay, Ohio 
(Ohio) 

Barton, Jas. M., Opr., Sew. T 
Box 604, Chautauqua, N. 
(N.Y.) 

Barton, Robert R., Des. Engr., J. E. 
Settle, Cons. Engr., Box 1047, 
Charleston, W. Va. (W.Va.) 

Bartow, Edward, Prof. of Chem., 
Univ. of Ia., Chemistry Bldg., 
Iowa City, Ia. (Ia.) 

Bartow, Leslie W., Sewer Engr., 
6515 W. Burlingame Ave., 
Portland, Ore. (Pac. NW.) 


Bartsch, A. F., Biologist, 2127 Univ. 
Ave., Madison 5, Wis. (Cen. St.) 
Bascaran, Jose N., P. O. Box 
Rio Piedras, P. R. (P.R.) 
Bash, Gail, Mgr., Water Dept., 
City Hall, Tulare, Calif. (Calif.) 
Bashaw, G. B., G. B. Bashaw Co., 

69 S. E. 25th Ave., Portland, 
Ore. (Pac. NW.) 

Bass, J. H., Sales Engr., Infilco, 

Inc., 2735 Kent Rd., Columbus 
8, Ohio (Ohio) 
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Greens- | 
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Pa. | 


Nat’l. | 


Montgomery | 
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State 
Ave., 


Bates, R. D., Dist. Engr., 
Dept. of Health, 374 Del. 
Buffalo, N. Y. (N.Y.) 

Bates, Riley C., Supt., Sew. Tr. Plt., 
824 Fourth St., Eau Claire, Wis. 
(Cen. St.) 

Baton, Warren U. C., Assoc. Dir., 
Baton Analytical Lab., 6101 Penn 


Ave., Pittsburgh, Pa. (Pa.) 

Battey, Everett M., Infilco, Inc., 
258 Park Sq. Bldg., Boston 16, 
Mass. (N. Eng.) 

Battles, L. C., Water Supt., Stevens- 
ville, Mont. (Mont.) 

Bauer, Carl, Supt., Celina Corp., 
317. W. Fulton, Celina, Ohio 
(Ohio) 

Bauer, Henry W., Opr., Sew. Tr. 
Pit., 181 Ridge Rd., Middletown, 


Conn. (N. Eng.) 


Baum, H. J., Pa. Dept. of Health, 


1009 N. Second St., Harrisburg, 
Pa. (a3 

Bavone, A. L., San. ee City-Co. 
Health Unit, Minot, N. Dak. (N. 
Dak.) 

Baxter, R. M., Cons Engr., Baxter 
& Woodman, P. O. Box 67, Crys- 
tal Lake, Ill. (Cen. St.) 

Baxter, R. R., Supt., Sew. Tr. Plt., 


204 W. 10th St., Anderson, Ind. 
(Cen. St.) 

Bayard, G. A., Keystone Contrac- 
tors, Ltd., P. O. Box 85, Windsor, 


Ontario, Can. (Can.) 

Bayless, John H., Bd. of Pub. Af- 
fairs, Box 247, Chagrin Falls, 
Ohio (Ohio) 

Baylis, John R., Physical Chem., 
Chicago Water Dept., 1643 E. 
86th St., Chicago 17, Ill. (Cen. 
St.) 


Mich. Producers 
Dairy, Adrian, Mich. (Mich.) 
Beal, George D., Asst. Dir., Mellon 
Inst. of Ind. Research, 4400 Fifth 
Ave., Pittsburgh 13, Pa. (Pa.) 
Beamesderfer, Jas. A., Chief Opr., 
Sew. Tr. Pit., 613 N. 8th St., 

Lebanon, Pa. (Pa.) 

Beard, Arthur H., Jr., San. Engr., 
M. W. Kellogg Co., 756 N. Ar- 
lington Ave., Indianapolis 1, Ind. 
(Cen. St.) 

Beard, Elmer H., 
Pit., Harborview 
Conn. (N. Eng.) 

Beardsley, C. W., Materials Testing 
Assoc., Bur. of Standards, 1829 
Park Dr., Los Angeles 26, Calif. 
(Calif.) 


seach, B. F., Megr., 


Sew. Tr. 


Supt., 
Stamford, 


Ave., 


Beaton, R. H., Exec. Vice-Pres. & 
Gen. Megr., Calif. Fish Canners 
Assn., Inc., Ferry Bldg., Terminal 
Island, Calif. (Calif.) 

Beatty, E. J., Supt., Neenah-Menasha 
Sew. Comm., Menasha, Wis., (Cen. 
St.) 

Beaudoin, Robert D., Chem., San. 


Dist. of Chicago, 3424 Arden Ave. 
Hollywood, Ill. (Cen. St.) 

Beaumont, H. M., San. Engr., 480 
Martin St., Roxborough, Philadel- 
phia 28, Pa. (Pa.) 


Beavin, B. E., Cons. Engr., J. E. 
Greiner Co., 1201 St. Paul St., 
Baltimore 2, Md. (Md.-Del.) 

Beck, A. J., Chem., San. Dist. of 


Chicago, 215 Southcote Rd., River- 
side, Ill. (Cen. St.) 
Beck, H. B., 23 Adlard Rd., Don- 
caster, Yorkshire, Eng. (ISP) 
Beck, Paul V., Chem., Sew. Tr. Pit., 
1113 Public Sq. Bldg., Cleveland, 
Ohio (Ohio) 
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Becker, Carlton, H., Greeley & Han- 
sen, Engrs., 220 State St., Chicago 
4, Ill. (Cen. St.) 

Becker, Fred G., Opr., Sew. Tr. Pit., 
909 San Gabriel Ave., Azusa, Calif. 
(Calif.) 

John, Asst. Supt., 

.. 505 Vine St., 

mM. Es tu.) 


Becker, Pub. 
Wks 


Liverpool, | 


Becker, Philip G., Jr.. 2765 Prim- 
rose, Ft. Worth 3, Tex. (Tex.) 
Beckett, Richard C., State San. 
Engr., State Bd. of Health, Dover, 

Del. (Pa.) 

Beckett, W. A., Supt. of Streets & 
Sewers, 610 W. +5 ee St., Rob- 
inson, Ill. (Cen. St.) | 

Beckler, Benjamin F., Jr., 6 Church 


St., Athens, Ohio (Ohio) 


Beckman, LeRoy J., Field Engr., 
Wallace & Tiernan Co., Inc., 107 


S. Stewart Ave., Lombard, IIl. 
(Cen. St.) 

Beckman, Wallace J., Grad. Stud., 
Harvard Univ., 1930 64th St., 
Brooklyn, N. Y. (N.Y.) 

Bedker, Oscar, Supt., Sew. Tr. Plt., | 
154 Prospect Ave., Beaver Dam, 
Wis. (Cen. , St.) 


Beecroft, G. L., 60 Dodd _ Royd, 
Berry Brow, Huddersfield, Yorks., 
Eng. ) 

Behn, 
velop. Engr., Nat’l. 
Stream Improvement, 


Council for 
Penn Club, 


401 Chestnut St., Johnsonburg, 
Pa. (Pa.) 

Beiswanger, Gordon, Cashier, City 
Water Dept., Billings, Mont. 
(Mont.) 

Bejcek, Otto J., Engr., Co. San. 
Dists. of Los Angeles Co., 443 
N. Segovia Ave., San. Gabriel, 
Calif. (Ariz.) 

Belaskas, A. J., Ind. San. Engr., 
723 W. Chicago Ave., E. Chicago, 


Ind. (Cen. St.) 
Bell, Bennie C., 
Unit 2, c/o Postmaster, 
Wash. (Pac. NW.) 

Bell, E. Arthur, Cons. Engr., 
41, Essex Falls, N. J. (N.J.) 

Bell, Fred A., Cons. Engrs., Court 
House, St. Thomas, 
(Can.) 

Bell, Grant S., Assoc., 
Bell, Cons. Engrs., 553 
stone St., Lexington, Ky. 
Tenn.) 

Bell, John W., Asst. Engr., 
Drainage & M. P. Inc. 
Juana Ave., San Leandro, 
(Calif.) 

Bellairs, George H., Supt., 
424 Jennings Ave., 
Mich. (Mich.) 

Belt, Elmer H., Squires-Belt Ma- 
terial Co., 3736 28th St., San 
Diego, Calif. (Calif.) 

Beltz, Harold H., Opr., Sew. Tr. 
Pit., 1124 E. Grand River Ave., 
Lansing 6, Mich. (Mich.) 

Benas, Ben., Supt., Richmond-Sun- 
set Sew. Tr. Plt., 4545 Lincoln 
Way, San Francisco 22, Calif. 
(Calif.) 

Bender, Dwight O., Chem., 932 N. 
Hawthorne Lane, Indianapolis 1, 
Ind. (Cen. St.) 


Box 


Howard K. 
S. Lime- 
(Ky.- 


1401 E. 
Calif. 


Sew. Tr., 
Petoskey, 


Vaughn Crawford, Asst. De- | 


A.D., APO 980, | 
Seattle, | 


Ontario, Can. | 


Armco | 


Benham, Webster L., Chief Engr. & | 


Owner, Benham Eng. Co., 550 
American Nat’l. Bldg., Oklahoma 
City 2, Okla. (Okla.) 


Benner, Hugh, City Engr., Div. of 
Eng., City Hall, Saginaw, Mich. 
(Mich.) 


Bennett, A. L., Pub. Health Engrs., 
Washington, Ia. (Ia.) 

Bennett, Christopher F., Vice-Pres., 

Knowles Co., Inc., 133 Bed- 

ford Ave., Buffalo, N. Y. (N.Y.) 

Bennett, Leon, Water Supt., Holden- 


ville, Okla. (Okla.) 

Bennett, Richard, Hydr, Engr., City 
Water Dept., 845 N. 4th Ave., 
Apt. 14, Phoenix, Ariz. (Ariz.) 

Bennett, S. G., City Hall, Santa 
Paula, Calif. (Calif.) 

Benson, Merrill P., 557 Paw Paw 
Ave., Benton Harbor, Mich. 
(Mich.) 

Supt., Sew. Tr. Plt., 


Berg, E. J. M., 
Rt. 7, Box 219, San Antonio, Tex. 
(Tex.) 

Bergen, C. B., Chain Belt Co., 19 


Rector St., New York 6, N. Y. 
(N.J.) 

Berger, Bernard B., 25 “P” St., 
Allenton, Mass. (Fed.) 

Bergeron, F. J., City Engr., Pub. 
Service Dept., Portsmouth, Va. 
(Va.) 

Bergerson, Wallace W., Asst. Engr., 
Pollution Control Comm., Legisla- 

Wash. (Pac. 


tive Bldg., Olympia, 
vw.) 
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Bergin, Francis T., 63 Ellison Pk., | 
Waltham, Mass. (N. Eng.) 

Bergman, O. O., City Engr., 522 
Jefferson Ave., Sparta, Wis. (Cen. 
St.) 

Berkeley, Garnet L., Town Engr., 
Box 1481, Smith Falls, Ontario, 
Can. (Can.) 

Berkeley, Winston H., Supt., Sew. 
Tr. Pit., 1002 13th Ave., Lewis- 
ton, Idaho (Pac. NW.) 

Bernard, G. E., Sales Mer., Sicard, 
Ltd., 2055 Bennett Ave., Mont- 
real, Quebec, Can. (Can.) 

Bernauer, George F., San. Engr., 


Wis. 
Chapman St., 
(Cen. St.) 
Bernhardt, Carl J., Dist. San. Engr., 
State Dept. of Health, 133 Lin- 
wood Ave., Jamestown, N. Y. 
a 


State Bd. of Health, 713 
Madison 5, Wis. 


(N.Y 


Berntsen, Bertel, Sew. Pit. Opr., 
204 N. Division St., Stoughton, 
Wis. (Cen. St.) 

Berrigan, Thomas A., Dir. & Chief 
Engr., Sew. Div., Metrop. Dist. 
Comm., 20 Somerset St., Boston, 
Mass. (N. Eng.) 


Berry, Dr. A. E., Dir., San. Eng. 
Div., Ontario Dept. of Health, 235 
Gainsboro Rd., Toronto 8, Ontario, 


Can. (Can.) 

Berry, 4 E., Opr., Sew. Tr. Pit., 
Po. x "456, Whittier, Calif. 
(Calif. o 

Berry, Robert D., Chief Opr., Sew. 
Tr. Pit., 209 Franklin St., Norris- 
town, Pa. (Pa.) 


Berry, S. C., City 
Dak. (S. Dak.) 

Bers, G. D., Pres., Chicago Pump 
‘o., 2336 Wolfram St., Chicago 18 
Ill. (Cen. St.) 


Engr., Lead, S. 


Berti, Leo A., Coast Lab., 1859 S. 
Van Ness Ave., Fresno, Calif. 
(Calif.) 


Salesman Solvay 
Wood- 


Berton, Charles J., 
Sales Corp., 9008 76th St., 
haven, N. Y. (N.Y.) 

Besozzi, Leo, Cons. Engr., 314 Ham- 


mond Bldg., Hammond, Ind. (Cen. 
St.) 
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x og Edmund B., Chief, Diy. 

Eng., North America Tech. 

+ ooo Uruguay 29, Buenos Aires. 
Argentina, S. A. (N.Y.) 

Best, Robert B., Opr., 
25 Maple st. 
(N.Y.) 

Beswick, G., Supt., Sew: Disp. Wks., 
Slacks Valley, Middleton Junct., 
Lancashire, Eng. (ISP) 

Bethel, John S., Cons. Engr., Met 
calf Eddy, 130 Vernon St., 
Wakefield, Mass. (N. Eng.) 

Beukema, Robert, Supt., Sew. Tr 
Pit., Zeeland, Mich. (Mich.) 

Bevan, John G., Chem., Guggenheim 


Sew. Tr. ~~ 
Great Neck, N. 


Bros., 3771 Tenth Ave., New 
York, N. Y. (N.Y.) 

Beveridge, Ben H., Prof. Engr., 211 
S. Third East’ St., Springville, 
Utah (Calif.) 

BeVier, B. V., San. Engr., 31 Shef 
field. Rd., Columbus 2, Ohio 
(Ohio) 

Bevington, Warren C., Pres., Beving 
ton, Taggart & Fowler, Engrs., 


730 K. of P. Bld 
4, Ind. (Cen. St.) 


g., Indianapolis 


| Bezy, Maurice G., Draftsman, Rus- 
sell & Axon, Cons. Engrs., 139 E. 
9th St., Sarasota, Fla. (Fla.) 
Bhoota, Baboobhai V., Engr., For- 
eign Div., The Door Co., Inc., 
Taj Mahal Hotel, Rm. 414, Bom- 
bay 1, India (N.Y.) 
Biddle, Charles C., 332 E. Allens 


Lane, Philadelphia 19, Pa. (Pa.) 


Bidwell, Milton H., State Dept. of 
Health, 191 Green Ave., Freeport, 
N. Y. (N 

——. F. O., R. Stuart Royer & 
Assoc., Exchange Bldg., Richmond, 
Va. (Va.) 

Biele, Arthur V., Chem., Sew. Disp 
Pit., 810% E. Fifth St., Duluth 


Minn. (Cen. St.) 


Biele, F. J., San. Engr., 184 Nassau 


Ave., Huntington, N, Y, (N.Y.) 

Bielfelt, E. W., Opr., Sew. Tr. Plt 
311 W. Glendale, Bedford, Ohio 
(Ohio) 

Biggins, J. C., City Megr., Newport 
News, Va. (Va.) 

Biggs, Merrill, Supt., City Water 
Dept., City Hall, Tucson, Ariz. 
(Ariz.) 

Biladeau, Archie L., Dept. of Pub. 


Health, Capitol Bldg., Boise, Idaho 
(Pac. NW.) 

Billings, C. H., Jr. Engr., State 
Dept. of Health, 1600 Harford 
Rd., Austin, Tex. (Tex.) 

Billings, L. C., Supt. & Chief Chem., 
Water & Sew. Tr., 5939 Monti- 
cello, Dallas, Tex. ‘(Tex.) 

Binger, Walter D., Vice-Pres., City 
Investing Co., 25 Broad St., New 
York 4, N. Y. (N.Y.) 

Bingley, W. M., 2602 Allendale Rd., 
Baltimore 16, Md. (Md.-Del.) 
Bird, C. F., Asst. Prof., Civil Eng., 
Ohio State Univ., Columbus, Ohio 

(Ohio) 

Bird, T. A., Sew. Plt. Opr., St. 
James P. O., London, Ontario, 
Can. (Can.) 

Birdsalle, L. I., Mgr., Tech. Service 
Div., General Chemical Co., 3357 
W. 47th Pl... Chicago 32, Ill. 
(Assoc.; Cen. St.) 

—% Robert, Rep., Ludlow Valve 
Mfg. Co., P.O. Drawer 388, Troy, 
N. &. (Assoc.) 

Bishop, Daryl D., 102 Douglass St., 
Anna, Ill. (Cen. St.) 
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Bishop, H. N., City Engr., 
Bor 333, Sunnyvale, Calif. (Calif 


Bissinger, Ben A., Opr. Engr., Sew. 
Tr. Pit., 997 Lilley Ave., Apt. A., 
Columbus, Ohio (Ohio) 

Bjelajac, Vaso, Capt., 326 E. Car- 
‘roll St., Portage, Wis. (Cen. St.) 

Black, D. T., Town Engr., 72 Mill 
St.. N. Brampton, Ontario, Can. 
(Can.) 

Black, Hayse H., Assoc. Prof., San. 
Eng., Univ. of Iowa, Iowa City, 
Ia. (Cen. St.) 


Cons. Engrs., 4706 


Black & Veatch. : 
Kansas City, Mo. 


Broadway Bldg., 


(Corp., Cen. St.) 

Blackett, Joesph P., Opr., Sew. Tr. 
Pit., 12 Orchard St., Cos Cob, 
Conn. (N. Eng.) 

ee. W. T.,. Sr.. Sr. Opr., Sew. 
Tr. Rt. 2, ‘Murfreesboro, Tenn. 
Ky. "Kenn 

Blackwelder, E. L., Rt. 2, Box 91, 
Charlotte, N. C. (N.C.) 

Blaha, J. A., Hosp. Supt., Grandview 
Hosp., Box 680, Ironwood, Mich. 
(Mich.) 

Blair, Jack W., Engr., J. E. Settle, 
Cons. Engr., "4210 Lancaster — 
Charleston, W. Va., (W. 

Blaisdell, Edwin H., Asst. Sig - 
Nussbaumer & Clark, Box 56, 
West Falls, N. Y. (N.Y.) 

Blakeley, Loren E., Cons. Engr., 
1112 Kilson Dr., Santa Ana, Calif. 
(Calif.) 

Blankenship, Leon S., Chief, Div. 
Pub. Health Engr., Oak Ridge 
Dept. of Pub. Health, 2736 E. 
Magnolia Ave., Knoxville 15, 
Tenn. (Ky.-Tenn.) 

Blatter, Paul X., Cons. Engr., 71 
Maple Ave., Collingswood, N. J. 
(N.J.) 

Blew, Michael J., Col., Sn. C., Office 
of Chief of Engrs., "Water & Sew. 
Section, Rm. 2603, Temp. H 
Bldg., Washington 25, D. C. 
(Fed.) 

Blizard, W. E., San. Engr., 25 Vic- 
toria St., London, S.W. 1, Eng. 
(ISE) 

Blodgett, James H., Supt., Mun. 
Sew. Tr. Plt., Columbus, Ohio 
(Ohio) 

Bloem, “9igg tt Chief Opr., Sew. 
Tr. Wks., 0 Gulf Rd., Elyria, 
Ohio (Ohio) 

Blood, Lloyd, Opr., Sew. Tr. Pit., 
City Hall, Rome, N. Y. (N.Y.) 

Bloodgood, Donald E., Prof., San. 
Eng., Purdue Univ., Civil Eng. 
Bldg., Lafayette, Ind. (Cen. St.) 
loom, Enos E., Supt., Sew. Tr. 
Pit., Oblong, Til. “(Cen. St.) 

Blundon, J. Paul, Cons. Engr., Law 
Bldg., Keyser, W. Va. (W. Va.) 

Board, Leonard M., San. Engr., 
USPHS, 1223 Hill St., Ann Arbor, 


Mich. (Mich.) 

Boardman, John, San. & Hydr. Engr., 
723 Clarendon Rd., Penn Valley, 
Narberth, Pa. (Pa.) 

Boardman, William Hunter, Jr., 
Civil, Hydr., San. Engr., 426 
Walnut St., Philadelphia, Pa. (Pa.) 

Bockoven, a. Opr., Sew. Tr. 
rit., No. 1, Spring Valley, 
Ohio tOhio) 

Bodnar, Andrew V., Opr., Westerly 
Sew. Tr. Plt., 3967 Riveredge Rd., 
Cleveland 11, Ohio (Ohio) 

Boes, Robert J., Inst. of Textile 
gen. Charlottesville, Va. (Cen. 
t. 














Bogardus, Theodore S., Prof., Eng., 
Baldwin Wallace College, 141 
Murphy St., Berea, Ohio (Pa.) 


Bogema, Marvin, Asst. Prof., Cornell 


niv., Rt. 2, Forrest Home Dr., 
Ithaca, N. Y. (Cen. St.) 
Bogert, C. L., Cons. Engr., 
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Madison Ave., New York, N. Y. 
(N.Y.) 

Bogost, Meyer S., San. Engr., State 
Dept. of Health, 6110 W. 75th 
St., Los Angeles 45, Calif. (Calif.) 

Bogren, George G., Cons. Engr., 
Weston & Sampson, 14 Beacon St., 
Boston 8, Mass. (N. Eng. 

Bolde, Abraham C., State Dept. of 

Health, 511A State en Boston 


33, Mass. (N. Eng 
Bolenius, Robert M., Chem., 561 
S. Queen St., Lancaster, Pa. (Pa.) 
Boles, John, Opr., Sew. Tr. Pit., 
1321 W. 2nd St., Marion, Ind. 
(Cen, St.) 
Bolieau, wg W., Mech. Engr., 


es. Tenn. Valley Authority, 

19 uieeaite Hills, Knoxville, Tenn. 
(Ky.-Tenn.) 

Bolin, R. R., Jr., 

Chain Belt Co., 

San Francisco 7, 


Dist. Sales Engr., 
366 Brannan St., 
Calif. ~~", 


Bolon, Harry C., Dist. Engr., U. 
Geol. Survey, Box 138, Rolla, Me 
(Mo.) 


Bolton, J. F., Ames Crosta Mills & 
Co., Lid., ‘Moss Iron Wks., 
wood, Lancashire, Eng. (ISP) 

Bolton, Paul, State Dept. of Health, 
State Capitol Bldg., Des Moines, 
Ta. (Ta.) 


ey- 


Bolton, William M., P. O. Box 73, 
New Haven 1, Conn. (N. Eng.) 
~~. Eugene L., Dept. of Streets 


Eng., Town Hall, Greenfield, 
a (N. Eng.) 

ooh, Philip E., Cons. Engr., 

Bond, 189 High St., Holyoke, 
By Bg: Eng.) 

Bond, G., Asst. Prof., Cornell 
Univ., Re heal of Civil Eng., Ithaca, 
N. Y. (Ia.) 

Bongiovanni, Jose P., Chief Engr., 
San. Dept., Mun. of Montevideo 
Intendencia Muncipal de Monte- 


video, Uruguay, S. A. (Fla.) 

Bonner, Tom ‘ ae oe & 
Sewer Supt., i. 7% 
Sumner, N. Mu ‘wcer Mtn’) 

Bontempo, Dominic, Chief Opr., Sew. 
Tk. 215,634 Smith St., Norris- 
town, Pa. (Pa.) 

Booker, Py H., Dir., Div. of 
San. Eng. & San., State Dept. of 


Health, Santa Fe, N. M. (Rocky 
Mtn.) 

Boone, George H., Chief Opr., Sew. 
Tr. Pity Tee Church St., Norris- 
town, Pa. (Pa. 

Booth, A. R., Reeve, c/o clerk 
Thorold Twp., Allanburg, Ontario, 
Can. (Can.) 


Booth, Edward J., City Engr., 
marck, N. Dak. (N. Dak.) 

Booth, B. K. (Mrs.), B. K. Boothe, 
Constr. Co., 2834 Dundas St., 
W. Toronto 9, Ontario, Can. 
(Can.) 

Booz, Louis P., Cons. Engr., 263 
Madison Ave., Perth Amboy, N. J. 
(N.J.) 

Borchardt, Jack A., Univ. of Wis., 
Hydr. San. Lab., Madison 6, 


Wis. (Cen. St.) 
Borden, B. F., Engr., Smith & Gil- 
i Box 1048, Jacksonville, Fla. 
a.) 


of 


| 
Bis- | 


CONSOLIDATED MEMBERSHIP DIRECTORY 





Tighe 
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Sew. Tr. 
Bozeman, 


Border, William R., Supt., 
Pit., 304 E. Koch St., 
Mont. (Mont.) 

Bordwell, Benjamin 
Supt., Vinton, Ia. 

Borgford, T. B., 
dian Industries, Ldt., 
ton Ave., Montreal, Quebec, Can. 
(Can.) 

Boriss, Marion E., San. Engr., Jef- 
ferson Co. Comm., 21 City Hall. 
Chattanooga 2, Tenn. (N.Y.) 

Borland, Carl, Sew. Plt. Supt., 19 
S. Del. Ave., Mason City, Ia. (Ia.) 

Borland, Victor J., Engr.-Chief 
Draftsman, Los Angeles Co. San. 
Dist., 330 Bendix Bldg., 1206 S. 
Maple Ave., Los Angeles 15, Calif. 
(Calif.) 

Borquist, E. S., Head, Dept. of Civil 
Eng., Univ. of Ariz., Tucson, Ariz. 


i., 
(Ia.) 
San. Engr., Cana- 
4019 Hings- 


Sew, Pit. 


(Ariz.) 

Bosch, Felipe, 1 San Pedro .. 
Floral Pk., Hato Rey, 5 
(P.R.) 

Bosch, Herbert M., Minn. Dept. of 
Health, Sec. Environmental San., 
Univ. Campus, Minneapolis 14, 


Minn. (Cen. St.) 


Both, Jack, Mer., Diamond Eng. & 


Constr. Co., 18 Gordon St., Belle- 
ville, Ontario, Can. (Can.) 
Bothwell, John I., Supv. of Pub. 
Wks., City Hall, Culver City, 
Calif. (Calif.) 
Bouwman, J., Sales Engr., Johns- 


5 Pan American 
Ohio (Ohio) 


Pub. Health 


Manville Corp., 
Bldg., Cincinnati 2, 


Bow,* Wilson F., Sr. 


Engr., State Dept. of Health, 1403 
Smith Tower, Seattle, Wash. (Pac. 
NW.) 

Bowan, Walter J., Engr., 2070 N. 
_— St., Decatur 18, Ill. (Cen. 
t.) 

Bowe, Thomas F., Partner, Bowe, 
Albertson & Assoc., Engrs., 2082 
Kings Highway, Fairfield, Conn. 
(N.Y.) 

Bowen, L. C., Chief Opr. Engr., 


Camp Gordan, 2569 N. View Ave., 
Augusta, Ga., (Ga.) 


Bowen, M. R., City Engr., 205 N. 


Greenleaf St., Whittier, Calif. 
(Calif.) 

Bower, Stanley M., Supt., Sew. Tr. 
Pu. - iii Pearl St., Ypsilanti, 


Mich. (Mich.) 


Bowering, R., Pub. Health Engr., 
Prov. Bd. of Health, Parliament 
Bldgs., Victoria, Ns an. 
(Can.; Dual—Pac. NW.) 

Bowers, Tony C., Opr., Sew. Tr. 
Pit., State Prison, 202 E. Ganson 
St., Jackson, Mich. (Mich.) 


Bowler, Edmond Wesley, Prof., Univ. 
of New Hampshire, Durham, 
N. H. (N. Eng.) 


Bowling, F. C., P. O. Box 503, Ft. 


Sumner, N. M. (Rocky Mtn.) 
Bowlus, Fred D., Chief Engr., Albert 
riz Co., 614 Franklin St., Whit- 
tier Calif. (Calif.) 
Bowman, C. R., City-Co. Health 
Unit, Box 49, Corpus Christi, Tex. 
Tex.) 


Bowman, G. T., Rockwell Mfg. Co., 


582 Market St., San. Francisco, 
Calif. (Calif.) 

Bowman, W. Robert, Opr., Sew. Tr. 
Pit., 213 George St., Findlay, 


Ohio (Ohio) 


Bowmanville, The Corp. of the Town, 
Bowmanville, Ontario, Can. (Can.) 
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Bowness, G. W., Managing Dir., 
Nichols Eng. & Research Co., 
Univ. Tower Bldg., Montreal, Que- 
bec, Can. (Can.) 

Boyce, Earnest, Prof., 
Eng., Univ. of Mich., 
Eng. Bldg., Ann Arbor, 
(Mich.) 

Boyce, Ralph E., San. Engr., 9304 
210th i Queens Village 8, N. Y. 


Mun. &. San. 
306 W. 
Mich. 


Boyd, George E., N. Y. Dist. Mer., 
Wailes Dove-Hermiston Corp., 17 
Battery Pl., New York, N. Y. 


(N.Y.) 
Boyd, J. Walter, Supt., Sew. Tr. 
Pit., 442 Grant St., Grand Haven, 


Mich. (Mich.) 
Boyer, Burleigh Bond, Field Re- 
search Engr., Cloroben Corp., 1960 
Santa Fe Ave., Los Angeles 21, 
Calif. (Calif.) 

Boyle, J. R., Cons. City Engr., 328 
Spurgeon Bldg., Santa Ana, Calif. 
(Calif.) 

Boyles, X. 
State Dept. of Health, 


P., Pub. Health Engr., 
1614 13th 


Ave., N. Ft. Dodge, Ia. (Ia.) 
Bracewell, J. R., J. R. Bracewell & 
Assoc., Inc., ” Buckhead Theater 


Bldg., Atlanta 3, Ga. (Ga.) 

Bradac, Charles J., Jr. Analyst, H. J. 
Heinz Co., 1410 Dehaven St., 
Pittsburgh 12, Pa. (Pa.) 

Bradlee, Warren R., Smith Eng. & 
Constr. Co., P. O. Drawer 1831, 
Pensacola, Fla. (Fla.) 

Bradley, John C., Box 970, Char- 
lotte, N. C. (N.C.) 

Bradley, Whitney L., Town Engr., 


own Hall, Waterloo, Ontario, 
Can. (Can.) 

Bradner, Basil E., Engr. & Surv., 
B. E. Bradner & Co., 240 Hal- 


stead Ave., Harrison, N. Y. (N.Y.) 
Bradney, Leland, Chem., Sew. Tr. 
Pit., City Hall, Sioux Falls, S. 
Dak. (S. Dak. and Cen. St.) 
Bragg, Davis A., Jr., Metallurgist, 
Internat’! Nickle Co., 309 Norway 
wy Huntington, W. Va. (W. 
v 


a. 

Bragg, Robert E., Opr., Sew. Tr. 
Pit., 5859 N. New Jersey St., 
Indianapolis 5, Ind. (Cen. St.) 

Bragstad, R. E., City Engr., City 
Hall, Sioux Falls, Dak. (S. 
Dak. and Cen. St.) 

Brakenridge, Charles, Cons. Civil 
Engr., 3450 W. Third Ave., Van- 
couver, B. C,, Can. (Can.; Dual— 
Pac. NW.) 

Brallier, Paul S., P. O. Box 616, 
Niagara Falls, N. Y. (N.Y.) 
Brandis, F. E., Supt., Sew. Tr. Pit., 
Box 306 Chinook, Mont. (Mont.) 
Bras, Rafael, Urbanizacion Garcia, 
Ubarri 17, Rio Piedras, P. R. 

(P.R.) 

Brassey-Edwards, S., 
Crosta Mills & Co., 
?_—~ Victoria St., 

, Eng. (ISE 

Pi ina Thomas F., Amer. Viscose 
Corp., Front Royal, Va. (Va.) 

Brearley, Edgar, Asst. Engr., Sewer 
Section, Wks. Dept., City Hall, 
Toronto, Ontario, Can. (Can.) 

Brenchick, William P., Salesman, 46 
Lincoln St., Lexington 73, Mass. 
(N. Eng.) 

Brennan, J. Leo., Dir., Envir’l San., 
Bur. wot Health, Binghamton, N. Y. 
(N.Y. 

Brennan, Ralph F., Supt., Water 
Wks., Daytona Beach, Fla. (Fla.) 


Messrs. Ames 
Ltd., Abbey 
London, S.W. 
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Brereton, W. P., Bd. of Commrs., 
Breater Winnipeg San Dist., 274 
Ashland Ave., Winnipeg, Manitoba, 
Can. (Can.) 

Brewer, Frank Cepero, Chem. Engr., 
13 Varcalcel St., Hato Rey, P. R. 
(P.R.) 


Brewer, William Scott, Sr., Supt., 
Sew. Tr. Plt., Roane-Anderson Co., 
155 N. Ala. Rd., Oak Ridge, Tenn. 
(Ky.-Tenn.) 

Brickenden, F. M., Dist. Engr., 
Dept. of Nat’l. Health & Welfare, 
82 Cordova St., Winnipeg, Mani- 
toba, Can. (Can.) 

Brickley, J., 1 Bradley Lane, Stret- 
ford, Lancashire, Eng. (ISP) 

Bridgman, R. J., Mgr., Laundry 
Equip., Canadian Gen. Elec. Co., 
212 King St., W., Toronto, On- 
tario, Can. (Can.) 

Briggs, Raymond J., Cons. Engr., 
214 Baird Bldg., Boise, Idaho 
(Pac. NW.) 

Brigham, John C., Sr. San. Engr., 
State Dept. of Health, State Of- 
fice Bldg., Albany, N. Y. (N.Y.) 

Brigham, John C., Jr., State Dept. 
of Health, 212 Fernwood Ave. 
Upper Montclair, N. J. (N.Y.) 


| Brown, 





Brinck, Claiborne W., Jr., Asst. 
Dir., Div. of San. Eng., State Bd. 
of Health, Helena, Mont. (Mont.) 

Brink, C. A., City Supt., 233 State 
St., Bronson, Mich. (Mich.) 

Brinkerhoff, W., Supt., Water & | 


Sewer Dept., Holbrook, Ariz. 


(Ariz.) 

Brisco, G. N., Town Engr., 36 
Mulcaster St., Barrie, Ontario, 
Can. (Can.) 

Britt, C. E., Plaskon Div., L.O.F. 
Glass Co., Tech. Service Dept., 


505 S. Maple St., 
Ohio (Ohio) 


Bowling Green, 


Britton, Benjamin A., Jr., Opr., Sew. | 


Tr. Pit., Hecker Ave., 

Heights, Conn. (N. Eng.) 
Brock, S., Parkville, Springhand Rd., 

Northfleet, Kent., Eng. (ISP) 

Brody, James, Opr., Sew. Tr. Plt., 
417 Melrose Ave., Glen Ellyn, Ill. 
(Cen. St.) 

Brook, David W., Supt., Osgood 
Water Wks., 420 N. Buckeye St., 
Osgood, Ind. (Cen. St.) 

Brook, Harry L., Supt., Sew. Tr. 
Pit., 313 N. Maple St., Osgood, 
Ind. (Cen. St.) 

Brookman, H. R., 
Los Angeles 11, Calif. (Calif.) 

Brooks, John H., Jr., 7 Chester St., 
Worcester, Mass. (N. Eng.) 


Brower, J. Singleton, Sew Tr. Pit., 
Opr., 39 Center St., Woodmere, 
i 2. 8: ¥. OY 

Brower, James, Supt., Sew. Tr. Pit., 
3021 N. 36th St., Milwaukee 10, 
Wis. (Cen. St.) 

Brown, Beverley J., Gen. Sales Megr., 
The Pedlar People, Ltd., Oshawa, 
Ontario, Can. (Can.) 

Brown, C. W., Pac. NW. Rep., 
Inertol Co., Inc., 1238 N. W. 
Glisan St., Portland 9, Ore. (Pac. 
NW.) 

Brown, Claude R., Dist. Mgr., Amer. 
Cast Iron Pipe Co., 412 W. 6th 
St., Rms. 1203-4, Los Angeles 
14, Calif. (Ariz.) 

Brown, Edgar T., Supt., City Water 
Pit., Fayetteville, Ark. (Ark.) 
Brown, Edmund H., State Dept. of 
Pub. Health, 56 "W. Central St., 

Natick, Mass. (N. Eng.) 


Noroton | 





1840 E. 25th St., | 
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Brown, Edward S., Jr., Prof., Thayer 
School of Civil Eng., Dartmouth 
College, Hanover, N. H. (N. Eng.) 


Brown, Dr. Glenn V., State Dept of 
Health, 312 E. Main St., Mechan- 
icsburg, Pa. (Pa.) 

Brown, Herbert H., Sales Rep., Texas 
Sulphur Co., 833 E. Edgemont, 
Phoenix, Ariz. (Ariz.) 

Brown, J. R., Supt., Dowley Gap 
Sew. Wks., Bingley, Yorkshire, 
Eng, (ISP) 

Brown, James G., Sanitarian, Barry 
Co. Health Dept., 116 N. Mich, 
Ave., Hastings, Mich. (Mich.) 

Brown, James M., Jr., San. Engr., 
Rt. 59 & Grandview Ave, Nanuet, 
Rockl. Co., Y. (N.Y.) 

3 Joseph = Pomona Air Base, 


D.. No.. 3., Box 145, Pleasant- 
ville, N. “4 (N.J.) 
Brown, K. (Mrs.), Clerk., Twp. 


of eit 148 King St., St. 

Catharines, Ontario, Can. (Can.) 

Kenneth W., Chem. Engr., 
233 Sansome St., San Francisco 
4, Calif. (Calif.) 

Brown, Leonard L., Supt., Water & 
Sewer, Harrison, Ark. (Ark.) 
Brown, Reuben F., Supt. of Sew. 
Maint., Rm. 746, City Hall, Los 

Angeles 12, Calif. (Calif.) 


Brown, Ronald, Cons. Engr., 12 
Park Ave., Rutherford, N. J. 
(N.J.) 


Brown, W. Fillingham, Engr., Colne 
Valley Water Wks., ‘‘Claxton,” 
Copthorne Rd., Richmansworth, 
Herts, Eng. (ISE) 

Brown, Wade Gillies, Chem., Water 
Dept., 1030 W. ee Ave., Dur- 
ham, N. C. (N.C.) 


Brown, Walter H., Jr., Opr., Sew. 
ee, cat, “* Hersey Rd., Cranston, 
R. I. (N. Eng.) 


Browne, F. ~ Engr., 
Kirkland Lake, 
(Can.) 

Browne, Floyd G., Cons. Engr., 
Floyd G. Browne & Assocs., Box 
27, Marion, Ohio (Ohio) 


Teck Twp., 
Ontario, Can. 


Brownridge, F. B., Town Clerk, 
Cornwall, Ontario, Can. (Can.) 
Bruce, <A., Chief Engrs. Dept., 
Northern Outfall Wks., Beckton, 

London, E. 6, Eng. (ISP 

Bruce, Kyle L., Supt., San. Bd., 
Mun. Bldg., Bluefield, W. Va., 
(Va.; Dual—W. Va.) 

Brug, C. J., 11936 Hesby St., N 


Hollywood, Calif. (Calif.) 


Brunn, Philip A., Jr., Mgr., Philip 
A. Brunn, Jr., ‘San. Div., Ingomar, 
Pa. (Pa:) 


Brunner, Paul L.. 
Swinney Ave., Ft. 
(Cen. St.) 

Brunty, C. E., Eng. Aide, Grade V., 
County Engr., San. & Storm 
Drain. Div., 700 Fashion League 
Bldg., Los Angeles 12, Calif. 
(Calif.) 

Bryan, A. C., San. Engr., 77 Sue 
Barnett, Houston 8, Tex. (Tex.) 


Bryan, John G., Asst. Supt., Sew. 
& Water Dept., 30 E. Holly Ave., 
Pitman, N. J. (N.J.) 


Bryant, C. T., S 
102 E. First St, 
(Ohio) 

Bryant, W. Supt., 
& Sew., City Hail, 
(Ga.) 


Chem., 1229 
Wayne, Ind. 


upt., Sew. Tr. Wks., 
Springfield, Ohio 


Lights, Water, 
Griffin, Ga. 
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Bryce, W. F. M., Sewer Engr., 
Transportation Bldg., Ottawa, On- 
tario, Can. (Can.) 

Buchanan, Ivan A., Cons. Engr., 
Burns Kenerson, 20 Kilby St., 
Boston, Mass. (N. Eng.) 

Buchecker, A. I., Prin. Asst. City 
Engr., 725 Chelan Ave., Spokane, 
Wash. (Pac. NW.) 

Bucholz, Herbert C., Cons. Engr., 
129 E, Grand River, E. Lansing, 
Mich. (Mich.) 

Buck, George H., Partner, Buck, 
Seifert & Jost, dey Cherry St., 
Elizabeth, N. J. 7.) 

Buck, James A., Sew. Wks., 
Clear Lake, Ia. (Ia.) 

Buck, Robinson D., Cons. Engr., 
Buck & Buck, 650 Main St., Hart- 
ford, Conn. (N. Eng.) : 

Buck, Ross J., Chief Engr., Charles 
H. Hurd, Cons. Engr., 501 E. 
Main Cross St., Edinburg, Ind. 
(Cen. St.) 

Buckley, E. J., Sales Engr., W. J. 


Westaway Co., Ltd., 38 Main St.. 
W., Hamilton Ontario, Can. (Can.) 
Budd Co., Red Lion & Verree Rds., 
Bustleton, Philadelphia, Pa. (Corp., 
ra:) 
Bugbee, Julius W., 
Pri vide nce, R. 
Raymond C 
Pit., 17 Monument 
Conn. (N. Eng.) 
Bull, C. C., Cons. Engr. Burgess & 
Niple, 568 E. Broad St., 
bus, Ohio (Ohio) 
Bulard, Joseph E., 
U Discip. 
¥,. (Bi: 


290 Mass. 
I. (N. Eng.) 
Opr., Sew. Tr. 

St., Groton, 


Ave., 


Bugt ce, 


Asst. Plt. 
Barracks, 
¥.) 


Opr., 
Ss. Storm- 
N. 
Bullen, Paul W., Grad. Stud., Univ. 
of Minn., 212 Walnut St., S.E., 
Minneapolis 14, Minn. (Cen. St.) 
Bulot, Francis H., Partner, Bulot & 
Dondro, Cons. Engrs., 9538 
Brighton Way, Beverly Hills, 
Calif. (Calif.) 
Bulpitt, Lewis M., 
Dept., Bishop, Calif. (Calif.) 
Bulthuis, Herbert, Chem., Bd. 
Pub. Wks., City Hosp., 

land, Mich. (Mich.) 

Bumgarner, Park B., Asst. 
San., 106 N. Marietta 
Clairsville, Ohio (Ohio) 

Bumstead, J. C., Ed. Asst., Engi- 
neering News-Records, 330 W. 
42nd St., New York 18, N. Y. 
(N.Y.) 

Bundy, K. N,, 
Chem., 
Lincoln 
(W. Va.) 

Bunker, F. L., Chicago Pump Co. 
Pr. ©. a 1122, Charlotte, N. Cc 
(N.C. 

Burack, W. D., 
Corp., 77 
ston, N. 

Buraglia, A. M., 
Kingston Rd., 
Can. (Can.) 

Burch, Paul F., Maint. Engr., Wol- 
verine Shoe Co., Rickford, Mich. 
(Mich.) 

Burden, Harry P., 
School, Tufts College, 
55, Mass. (N. Eng.) 

Burden, Robert P., Student, 11 
Gray St., Cambridge 38, Mass. 
(N. Eng. 

Burdick, George E., State Biologist, 
N. Y. State Conservation Dept., 
21 §S. Fitzhugh St., 
,. Xo Rae 


ville, 


Water & Sewer 


of 
Hol- 


Supt., 
St., St. 


Asst. | Research 
Wheeling Steel Corp., 824 
Ave., Steubenville, Ohio 


Engr., 


Sycamore 
v.J.) 


Chem. 
Ave., 


Const. 
Living- 


Cons. Engr., 563 
Toronto, Ontario, 


Dean, Eng. 
Medford 


Rochester 4, 


Colum- | 


Burdoin, Allen J., Cons. Engr., 85 
Wash. St., Wellesley Hills, Mass. 
(N. Eng.) 


Bures, Antonio S., 
Santurce, P. R. (P.R.) 

Burger, A. A., Cons. Engr., Havens 
& Emerson, 3306 Elsmere Rd., 
Shaker Heights 20, Ohio (Ohio) 

Burger, Arnold W., Supt., Sew. Tr. 
Pit., 1315 11th St., Menomonie, 
Wis. (Cen. St.) 

Burgess, Harold, Rep., Ludlow 
Valve Co., 212 Fifth Ave., N. 
Troy, N. Y.. ONY.) 

— Saar J T., Supt. 

Summit St., 
N ¥. (N.Y.) 

Burke, C. E., Supt., Sew. Wks., 25 
Folkestone "Rd. 'E. Ham, Lon- 
don, E. 6, Eng. (ISP) 

Burley, A. W., Sew. Pit. 
Harris, Ia. (la.) 

Burley, Fred H., 
Pit., 12772 Ilene 
Mich. (Mich.) 

Burn, G. A. H., 
Ontario Dept. 
ment Bldgs., 
Can. (Can.) 

Burnett, A. H., Supt., Union Sew. 
Comm., 249 Church St., Mimico, 
Ontario, Can. (Can.) 

Burnett, J. E., Business 
Ypsilanti State Hosp., 
Ypsilanti, Mich. (Mich.) 

Burnson, Blair I., San. Engr., E. 
Bay Mun. Util. Dist., 512 16th 
St., Oakland, Calif. (Calif.) 

Burr, R. S., Amer. Brass 
Waterbury, Conn. (N. 
Dual—Ohio) 

Burrell, Robert, Opr., Sew. Tr. Plt., 
39 Howard St., W. Haven, Conn. 
(N. Eng.) 

Burrin, Thomas J., 
206 W. Wash. St., 
(Cen. St.) 

Burt, Gordon L., 
Blvd., Richmond, 


Burton, Charles 


of Sewers, 
Lakewood, 


Opr., 


Sew. Tr. 
Detroit 4, 


Supt., 
Ave., 


Engr., 
Parlia- 
Ontario, 


Assoc. San. 
of Health, 
Toronto 2, 


Exec., 
Box A, 


Co, 
Eng.; 


Supt. of Util., 
Lebanon, Ind. 


2020 Panhandle 
Calif. (Calif.) 
A., Pit. Mer. 
Keystone Wood Preserving Co., 
Eddington, Pa. (Pa.) 
Burton, Guy, Supt., 
Iowa Falls, Ia. (lIa.) 
Bush, Bernard S., Dist. Engr., Pa. 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 
Bush, George H., Supt. of Sewers, 
Sew. Dist. No. 2, 174 Meadow 
Dr., 10, N. Y. (N.Y.) 
Bush, M. M., Town Clerk & Treas., 
ae Ontario, Can. (Can.) 
Bushee, Ralph J., Chief San. Engr., 
Chas. W. be & Son, 220 W. La 
. Bend, Ind. (Cen. St.) 


Ses H., Chem., Pub. 
Dept., Gen. Del., Blacks- 
Va. (Ky.-Tenn.) 

Paul E., Pres., St. Catha- 
Regional Plan. & Develop. 
P. O. Box 40, Thorold, On- 
tario, Can. (Can.) 


Butler, Leo M., Cons. Engr., 
Cleveland St., Clearwater, 
(Fla.) 

Butrico, Frank A., USPHS, 
Constitution Ave., Washington 25, 
D. C. (Fed.) 

Buttenheim, Edgar J., Pres. & Megr., 
Amer. City Magazine, 470 Fourth 
Ave., New York, N. Y. (Assoc.) 


Butterfield, C. T., USPHS, E. Third 
& Kilgour Sts., Cincinnati 2, 
Ohio (Fed.) 


Sew. Wks., 


Salle oe 
Bushey, 

Healt 

burg, 
Buss, 


rines 
Bd., 


932 
Fla. 


19th & | 
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Bye, Norval E., Town oS" Thor- 


old, Ontario, Can. (Can. 
Cabana, L. P., Supt.-San. Engr., 
Div. of San., Dept. of Health, 


4663 Lacombe Ave., 
Quebec, Can. (Can.) 


Montreal 26, 


Cabrera, Luis M., McCormik Es- 
quina Comercio, Rio Piedras, 
PR. GPR 

Cahaly, Fozi M., Cons. Engr., Fay, 


Spoffard & Thorndike, 43 Everett 
St., Arlington, Mass. (N. Eng.) 
Cain, John H., Engr., Wiedeman & 
Singleton, C. & S. Nat’l. Bank 

Bldg., Sunnyside, Ga. (Ga.) 
Caird, James M., Chem. & Bact., 
Cannon Bldg, Troy, N. Y. (N.Y.) 


Calder, Charles L., Deputy City 
Engr., City Hall, Whittier, Calif. 
(Calif.) 

Calderara, O. J., Chief Engr., Sub- 
urban Tampa San. Dist., 705 
Madison St., Tampa, Fla. (Fla.) 

Calderon, Pablo, Par < Ribot 307, 
Santurce, Fr: (P.R.) 

Caldwell, a ‘G., Assoc. Engr., 
Div. of San. Eng. & San., Dept. 
of Pub. Health, Santa Fe, N. M. 


(Rocky Mtn.) 
Caldwell, David H., Brown & Cald- 
well, Civil & Chem. Engrs., 5711 
Cabot Dr., Oakland 11, Calif. 
(Calif.) 

Caldwell, H. L., Cons. Engr., Cald- 
well Eng. Co., 803 W. College 
Ave., Jacksonville, Ill. (Cen. St.) 

Calihan, Resler, Chem., Sew. Tr. 
Wks., 23 W. Dorothy Lane, Day- 
ton 9, Ohio (Ohio) 

Callen, Loy A., Major, 1148 
Mayfield Ave., Chicago 51, 
(Cen. St.) 

Callon, Harry A., Chief 
Muscatatuck State School, 
ville, Ind. (Cen. St.) 

Calvert, A., 43 Station Rd., 
all, Sheffield 9, Yorkshire, 

) 


N. 
Ill. 


Engr., 
Butler- 


Darn- 
Eng. 
Calvert, C. K., Supt. of Purif., 
Indianapolis Water Co., Box 855, 
Indianapolis, Ind. (Cen. St.) 
Cameron, A. B., Supt., Sew. Tr. 
Pit., City Offices, Jackson, Mich. 
(Mich. ) 
Cameron, Alwyn 
Provincial Dept. 
ericton, New 
Cameron, George, 
Pit., Venice Pk., 
Ave., Atlantic 
(N.J.) 
Cameron, 
R 


J., San. Engr., 
of Health, Fred. 
Brunswick (Can.) 
Supt., Sew. Tr. 
1905 Kuehule 
City, N. ‘ 


Towerhill 
Scotland 


W:. M:.. 67 
.. Glasgow W. 3, 
(ISP—Eng.) 

Camp, Cecil S., 
& San. Eng., 
Ferris Hall, 
(Ky.-Tenn.) 

Camp, R. H., The Cottage, Sher- 
ring Mill Rd., Sawbridgeworth, 
Herts., Eng. (ISP) 

Camp, Thomas R., Cons. Engr., 
Camp, Dresser & McKee, 6 Bea- 
con St., Boston 8, Mass. (N. 
Eng.) 

Campbell, J. L., Supt., Preston 
Sew. Disp. Wks., Clifton Marsh, 
Freckleton, Lancashire, Eng. (ISP) 

Campbell, John, Partner, Chester 
Engrs., 210 E. Parkway, Pitts- 
burgh, Pa. (Pa.) 

Campbell, M. S., Sales Engr., H. D. 
Fowler Co., 558 First Ave., Cs 
P. O. Box 3084, Seattle 14, Wash. 
(Pac. NW.) 


Assoc. Prof., Hydr. 
Univ. of Tenn., 117 
Knoxville, Tenn. 
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visor of Water & Sew., 


Engr., Marion Co. 


Health, 511A State House, 


. P. O. Box 58, El 
Chubb, dat. 's., City ite 


Clay, Albert i. ny 


Church, H. J., Mar., 


Comey, Edward i. ie. 
gineering News- Record, 
more Rd., Douglaston, Lt, 
(N.Y.) 


Concrete & Pipe Co., P. O. 
Lek siearo Calif. (Calif.) 


Sewer- Rod I Baul, Co., 


R. R., 222 Hartswick Ave., 
Los Angeles 35, Calif. Pa. 


, 51 The /o Bex- 


Cleveland, E. A. Chee. ‘tiie 
Dist. Jt. Sew. & Drainage Bd., 


Clapham, T. W., Megr., 
1303 Sun Bldg., Vancouver, B. 


System, Robinson Memorial, 
— Bldg., Little Rock, Ark. 


Pub. HS Boise, Idaho (Pac. 
NW.) 4 
Pp. ©. Box 1858, Se- 


Clinton, Merritt O., Pres. 
Eng. 


Clore, L. B., City Engr., 
anrioety ‘ille, Ind. 


Clark, Boyd H., Opr., 
7 Shaper Ave., Canajoharie, N. Y 
LY.) 


Clark, Clarence P., Chief 7 
Tr. Plt. 


walk, Ohio onl Clouser, L. H., Cons. Engr., 


, Engrs., 312 Mercantile 
Knoxville 8, Tenn. < 


s, W. J., Sanitarian, Lane Co. 


Cobb, Edwin B., Cons. 


Needham 92, Mass. 
Cobbledick, S. E., Sales Megr., 


Huntington 17, W. Va. (W. Va.) 


7 JC, Chick Ope. Beach, 


Clark, Kenneth M., 
USNR, 5220 Drew Ave., 


timore 23, Md. (N. Da 
Sewer Maint. Div., A 
» Los oe 37, Calif. (Calif.) 


School’ of Eng... Mont. State Col 
lege, Bozeman, Mont. 
Coblentz, Maurice H., Sr. 
(R), Office of Internat’l 
Relations, See Washington 25, 


ing Rd., Chicago 9, IIl. 


, Cons, is 
, 1300 Statler Bldg., 
Boston 16, Mass. (N. Eng.) 


A. G., Ohio Sales Megr., 
Universal Concrete Pipe 7 


Angeles 4, Calif. (Calif.) 








Greeley _& Hansen, 








Cochrane, John C., Dist. Mger., 
Wallace & Tiernan Co., Inc., Box 
178, Newark 1, be 6 
Dual—Pa.) 

Cochrane, W. F., San. Engr., Corps 
of Engrs., 6612 Minne Lusa Ave., 
Omaha 11, Nebr. (S. Dak.) 

Cockroft, T. N., Supt., Sew. Wks., 
Leigh, Lancashire, Eng. (ISP) 

Coffey, Michael J., Sewer Commr., 
56 Archer St., Freeport, N. Y. 
(N.Y.) 

Coffin, Edwin F., Jr., USPHS, 15 
Osborne St., Bloomfield, N. J. 
(Fed.) 

Coffin, George W., Pres., Coffin & 
Richardson, Inc., 68 Devonshire 
St., Boston 9, Mass. (N. Eng.) 

Cohen, Sol, Chem., 209 Commercial 
Ave., New Brunswick, | ae 2 
(N.J.) 

Cohn, Morris M., San. Engr., Bur. 
of San., Dept. of Health, 1101 
Lexington Ave., Schenectady, N. Y. 
(N.Y.; Dual—N. Eng.) 

Cohrs, R. W., San. Pog Dept. of 
Nat'l Health & Welf are, Pub. 
Health Eng. Div., P. O. Box 605, 
Halifax, N. S., Can. (Can.) 


Cole, Charles W., Partner, Charles 
W. Cole & Son, 220 W. LaSalle 
Ave., S. Bend, Ind. (Cen. St.) 


Cole, E. Shaw, Chief Engr. & Vice- 
Pres., The Pitometer Co., Engrs., 
21 Erwin Pk. Rd., Montclair, 
Ni 3. GY.) 

Cole, Harvey M., Jr., City Engrs. 

ce, Civic Center, San Diego 1, 
Calif. (Calif.) 

Collard, A. E., Surv., J. H. Dew- 
hurst, Ltd., 24 St. Marys Rd., 
Ealing, London, W. 5, Eng. (ISE) 


Coleman, Dwight B., Plt. Opr., Sew. 
Tr. Pit. © a Pleasant St., Cort- 
land, N. Y. (N.Y.) 


Collier, J. Dai Rep., W. K. Porteous, 
Ltd., 64 Rosemount-Crescent, West- 
mount, Montreal 6, Quebec, Can. 
(Can.) 


Collier, James, Supt., Sew. Tr. Plt., 
1194 Gulf Rd., Elyria, Ohio 
(Ohio) 


Collins, A. J., 44 Manoel Rd., Ful- 
well Pk., Twickham, Middlesex, 
Eng. (ISE) 

Collins, A. Preston, Civil Engr., 
San. Div., Los Angeles Co. Engrs. 
Office, 700 Fashion League Bldg., 
Los Angeles 12, Calif. (Calif.) 


Collins, Burt W., Chem. Engr., 
Panama City Water & Sew. Dept., 
905% McKenzie Ave., Panama 
City, Fla. (Fla.) 

Collins, F. T., Supt., Sew. Wks., 
Dewsbury Rd., Churwell, Leeds, 
Eng. (ISP) 

Collins, John T., Dept. of Pub. 
Wks... City Hall, Oswego, N. Y. 
(N.Y. 

Collins, Rex, Collins Eng. Co., 222 
Arnote Bldg., McAlester, Okla. 
(Okla.) 


Collins, W. H., Sewer Engr., 16 
Senator Ave., Hamilton, Ontario, 
Can. (Can.) 

Collison, Lloyd S., Sewer Engr., City 
Engrs. Dept., Box No. 74, Hamil- 
ton, Ontario, Can. (Can.) 

Collison, Okla C., Chief Engr., 
Southwest Sew. Tr. Pit... Re. 4: 
Box 627-A, Springfield, Mo. (Mo.) 


Collyer, Joseph C., Rm. 2142 Mun. 
Bldg., New York, N. Y. (N.Y.) 
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Colon, Zoilo, c/o Josefina Mas, 900 
Ponce de Leon Ave., Santurce, 
B &. CPR.) 

Colquhoun, Colin, 
101 Southard Ave., 
tre, N. Y. (N.Y.) 

Colvin, Dean E., Field Engr., In- 
filco, Inc., 4304 40th Ave., S., 
Minneapolis 6, Minn. (Cen. St.) 

Comita, Gabriel W., Asst. Chem., 
Minneapolis-St. Paul San. Dist.., 
1725 Fourth St., N., Minneapolis 
11, Minn. (Cen. St.) 

Compton, Barnes, Constr. Engr., 
F. H. McGraw & Co., 51 E. 42nd 
St., New York 17, N. Y. (N.Y.) 

Compton, C. R., Asst. Chief Engr., 
Los Angeles Co. San. Dist., 330 
Bendix Bldg., 1206 S. Maple Ave., 
Los Angeles 15, Calif. (Calif.) 

Conant, F. M., Engr., Link Belt, 
Ltd., 791 Eastern Ave., Toronto 8, 
Ontario, Can. (Can.) 

Concrete Conduit Co., P. O. Box 
2670, Phoenix, Ariz. (Corp., Ariz.) 

Cogoleum-Nairn, Inc., Kearny, N. J. 
(Md.-Del.) 

Colon, Edward W., Opr., Sew. Tr. 

, 47 Lawrence Ave., N. Tarry- 

town, N. Y. (N.Y.) 

Connell, C. H., Prof., Univ. of Tex. 
Medical School, Dept. of Pre- 
ventative Medicine & Pub. Health, 
Galveston, Tex. (Tex.) 

Connell, Maurice H., Cons. Engr., 
Maurice H. Connell & Assoc., 203 
Langford Bldg., Miami, Fla. (Fla.) 

Connors, F. H., City Engr., Box 
248, Van Wert, Ohio (Ohio) 

Connors, Joseph J., Bact.-Chem., E. 
Bay Mun. Util. Dist., 2722 Vir- 


Asst. Plt. Opr., 
Rockville Cen- 


ginia, Berkeley 4, Calif. (Calif.) 

Conrad, W. E., Chief Opr., Sew. Tr. 
ra, &. D. No. 4, Wooster, Ohio 
(Ohio) 

Consoer, Arthur W., Partner, Con- 
soer, Townsend & Assocs., 351 E. 
Ohio St., Chicago 11, Ill. (Cen. 
St.) 

Conway, Hollis R., Sr. San. Engr., 


State Bd. of Health, 743 S. Val- 
entine, Little Rock, Ark. (Ark.) 

Cook, J. D., Sec., Clay Products 
Assn., 111 W. Wash. St., Chicago 
2; Ill. a 

war cad ae Lt., U. S. Army Sn. 
C., 4125 é 36th’ St., Fairlington, 
Arlington, Va. (Mo.) 


Cook, John O., San. Insp., U. S. 


Dept. of Interior, Grand Canyon 
Nat’l. Park., Grand Canyon, Ariz. 
(Ariz.) 


Cook, Lawrence H., Civil Engr., Box 
696, Menlo Park, Calif. (Calif.) 

Cook, Leland, Jr., Opr., Sew. Tr. 
Pit., 2205 Bancroft St., San Diego 
2, Calif. (Calif.) 


Cook, Leland B., Civil Engr., 109% 
S. Spring St., Tupelo, Miss. (Ga.) 
Cook, Paul D., Co., San. Engr., 
Bd. of Co. Comm., Lake Co. 
Court House, Plainesville, Ohio 
(Ohio) 

Cook, Rodney E., Chief Engr., 
Water, Sewer & Waste _ Disp. 
Bran TAC Hdars., USAAF, 


Langley Field, Va. (Va.) 
Cooley, E. C., 625 Market St., Rm. 


1414, San Francisco 5, ‘Calif. 
(Calif 
Cooling, H. Haughs Rd., 


C.. 20 
Quarmby, Huddersfield, Yorkshire, 
Eng. (ISP) 
Coombs, E. P., San. Engr., 
toria St., Westminster, 


96 Vic- 
SW. 1, 
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Coonradt, Supt., Sew. Wks., Osage, 
Ia. (Ia.) 

Coope, Albert, Co. San. Engr., Court 
House, Youngstown, Ohio (Ohio) 

Coope, N. R., ‘‘Norcott,”’ North- 
field Lane, Horbury, Wakefield, 
Yorks., Eng. (ISP) 

Cooper, G. F., Supt., Sew. Wks., 
Biggleswade, Bedfordshire, Eng. 
(ISP) 

Cooper, G. H., ‘‘Strathnaver,’’ Wey- 
bourne Rd., Weybourne nr. Farn- 


Cooper, 





Cooper, 
San. 
Mich. 

Cooper, 


Medic 
c/o 
Calif. 
Curve 
Mass. 
656, 
Mtn.) 
Copley, 


Mich. 
oo. 


Toront 
Corddry, 


Cordray, 
250 
Ohio 

Corey, 
(Pac. 

Corin, 


6 — 


Cornwell, 
Amer. 


(Cen. 
Corringto 
Pt. 





London, Eng. (ISE) 





Wastes Lab., 
Lab., Med. Div., 


Tex. (T 
Copeland, Kern H., 


ter, Inc., 


Corbett 





ham, Hampshire, Eng. 
Clark Thread Co., 
Clarkdale, Ga. (Ga.) 
J. E., Supvr., 
Ford Motor Co., 


1. 3. 


(Mich.) 
William D., 
ex.) 


al Insp., Hq. 


Command, c/o Surgeon, 
Postmaster, San 


(Calif.) 


Copeland, William R., 


St., R.F.D. 2 
(N. Eng.; 


‘Dual—Nn.Y ) 
Coplen, Warren W., City Megr.. Box 


Portales, N. 


Charles H., Opr., Sew. Tr. 


Pit., Mill Rd., N. Haven, Conn. 
(N. Eng.) 

Corbett, T. R., Mer., Mfg. Dept., 
Carter Oil Co., P. O. Box 2094, 
Billings, Mont. (Mont.) 

Corbett, Walter E., Corbett Concrete 
Pipe Co., 84 E. Main St., Mil- 
ford, Mass. (N. Eng.) 


Corcoran, Arthur, Insp., Stream Con- | 
trol Comm., Box 


(Mich.) 
| Peg! 


0 6, Ontario, 
WK, 


Prospect St., 
(Ohio) 


R. H., Cons. 
Bldg., Portland, Ore. 


NW.) 


Magnus F., Dist. 
Permutit Co., 34 
Philadelphia 3, Pa. (Pa.) 

Corless, M. T., Town Clerk & Treas., 


Clinton, Ontario, Can. (Can.) 
Cornell, R. M., Instructor, Civil 
Eng. Dept., Univ. of Minn., 


Minneapolis 14, Minn. (Cen. St.) 
en ~~ its Sew. Tr. 


P. 
ait. Ill. 


E. W., 


Viscose Corp. 
burg, Va. (Va.) 
Corpstein, 


St.) 


a, ©. &.,-Seapt., Sew. Te: 
603 W. South 
Ill. (Cen. St.) 


Corsat, Andrew, Des. Draftsman, 
Smith & Gillespie, Cons. Engrs., 
Box 1048, Jacksonville, Fla. (Fla.) 

Corson, B. I., Instructor, Camden 
Co. Vocational School, 120 Wood- 
land Terrace, Oaklyn, N. J. 
(N.J.) 

Corson, H. H., City Mgr., Mun. 
Bldg., Birmingham, Mich. (Mich.) 


Box 501 Ozona, 


Commr. 
E. York Twp., 443 


Cons. 
nett, Fleming, Corddry & Carpen- 
Harrisburg, 


R. A., Opr., Sew. 


ree st.) 
Sylvania Div., 


Oswald, Supt., 
102 E. Main St., Mascoutah, IIl. 


(ISP) 





Water & 


Dearborn, 


Major, Depot 
Marbo Base 
APO 246, 
Francisco, 


Cons. Chem., 
Framingham, 


M. (Rocky 


87, Lansing, | 


of Wks., 
Sammon Ave., 
Can. (Can.) 
Engr., Gan- 


Pa. (Pa.) 


Tr. Wks., 
Wellington, 


Engr., 407 


Mgr., The 
S. 17th $t., 


69, Proving 


, Fredericks- 


Sew. Plt., 


St., Clinton, 

















March, 1948 


Oscar, Des. 
Tr. Plts.-Water Wks., 902 


Engr. on Sew. 
High- 
Pa. (Pa.) 

2770 Lytelle 
Calif. (Calif.) 
Engr.-Dir., Bur, 


Corson, 


land Ave., Ambler, 


Corson, William B., 
Pl., Los Angeles 41, 


Cortelyou, H. P., 


of Maint. & San., Rm. 700, City 
Hall, Los Angeles 12, Cali. 
(Calif.) 


— J. R., Supt., Water Dept., 
O. Box 877, Livingston, Mont. 
(Mont. ) 


Cory, J. C., Pres., Cory Eng. Co., 


Box 637, Miles City, Mont, 
(Mont.) 

Cosens, Kenneth W., et. Dept. of 
Civil Eng., Univ. of Tex., Austin 


12, Tex. (Mich.) 

Cosman, Ernest, 125 Madison Ave., 
Toronto, Ontario, Can. (Can.) 
Cosner, Lafayette, Chief Opr., Doyles- 
town Boro. Sewer Dept., 77 N. 
Hamilton St., Doylestown, Pa. 

(Pa.) 
Costello, John J., Engr., 631 
St., Elmira, N. Y. (N.Y.) 


Perine 


Cotta, Maurice L., Assoc. San. 
Engr., Farm Sec. Admin., Swan 
Island, Portland 18, Ore. (Pac. 
NW.) 

Cotterell, G. T., Cons. Engr., A. P. 
I. Cotterell & Sons, 54 Victoria 


St., Westminster, London, S.W. 1, 


Eng. (ISE) 


Cotton, Edwin R., Engr.-Sec., Inter- 
state Comm., Potomac River Ba- 
sin, 522 Transportation § Bldg., 
Washington 6, D. C. (N.Y.; Dual 
—wW. Va.) 

Cottrell, H. S., New 


117 Liberty St., 

York, N.Y. (N.Y,) 

Couch, L. I., Civil Engr., 312 E. 
Wash., Indianapolis 4, Ind. (Cen. 
St.) 


Coulson, C. L., City Engr., 53 


Maple Ave., Welland, Ontario, 
Can. (Can.) 
Courson, C. 


M., Fila. mate Hosp., 
Box 189, Arcadia, Fla. (Fla.) 
Cousineau, A.,  Dir., 


City Plan. 


Dept., City Hall, Montreal, Que- 
bec, Can. (Can.) 

Covert, H. R., San. Engr., Miss. 
Game & Fish Comm., Box 451, 
Jackson, Miss. (Cen. St.) 

Covill, R. W., City Engrs. Dept., 


Oxford, Eng. (ISP) 
Engr., 
Barton, 


Town Hall, 
Cowden, Burney B., San. 
Polk Co., Health Unit, 
Fla. (Fla.) 
Cowles, M. W., Health Officer, 
Hackensack Water Co., New Mil- 
ford, N. J. (N.J.; Dual—N.Y.) 


Cox, C. R., Chief, Bur. of Water 
Supply, State Dept. of Health, 
Div. of San., Albany, N. 


(N.Y.) 

Cox, Clifford B., Chief Engr., Pacific 
Flush-Tank Co., 4241 Ravenswood 
Ave., Chicago 13, Ill. (Cen. St.) 

Cox, Lyman, Ind. Engr., E. I. 
duPont de Nemours & Co., Eng. 


Dept., Wilmington 98, Del. (Md.- 
Del.) 
Cox, Rupert L., Chem., 3417 


Kensington Ave., Richmond 21, 
Va. (Va.) 

Coy, Burgis, City Engr., City Hall, 
Ft. Collins, Colo. (Rocky Mtn.) 

Craemer, George H., Opr., Sew. Tr. 
Pit., Mun. Bldg., Harford, Conn. 
(N. Eng.) 

Craig, Clifford, Supt., 
310 Humiston St., 
(Cen. St.) 


Sew. Tr. Pit., 
Pontiac, Il. 








Vol. 


Craig 
Bis 
En 

Craig 
Bo 
Ca 

Craig 
Mz 


Craig 
En 


Cran 
Cran 
Cran 
In! 
Ne 
Crau: 


Cro 
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Craig, D. F., Sew. Wks., Binchester, 
Bishop Auckland, Co. Durham, 


Eng. (ISP) 


Craig, Hugo B. R., Town Engr., 
Box 290, Wallaceburg, Ontario, 
Can. (Can.) 

Craig, J. D., Supt., Water Wks., 
i % hag (Ga.) 

Craig, L. Cons. Engr., S. Ga. 
Engrs., Ouiila Ga. (Ga.) 

Cranch, Eugene T., Dir., Pub. Wks., 
208 Centre ‘Ave., Apt. 4-F, New 
Rochelle, N. Y. (N.Y.) 

Crandall, R. C., Chief Maint. Engr., 
Oak Terrace, Minn. (Cen. St.) 

Crane, Harlan B., Civil Engr.-Rep., 
Infilco, Inc., 60 E. 42nd St., 
New York 17, N. Y. (N.Y.) 

Craun, Edward P., Sales Engr., 
Craun Liebing Co., 355 Hippo- 


drome Annex, Cleveland 15, Ohio 
(Ohio) 

Craun, J. M., Sales Engr., Craun 
Liebing Co., 355 Hippodrome An- 
nex, Cleveland, Ohio (Ohio) 


Craun, R. D., Supt., Sew. Tr. Pit., 
Rochester, Mich. (Mich.) 
Crawford, D. E., Town Engr., Lea- 
side, Ontario, Can. (Can.) 
Crawford, H. V., Rep., General 
Electric Co., 1 River Rd., Sche- 
nectady, N. Y. (Assoc.; N.Y.) 
Crawford, L. C., Dist. Engr., U. S. 
Geol. Survey, 508 Hydraulics 
Lab., Iowa City, ia. CA.) 
Crawford, Samuel, Sr., Bact., Bel- 


mont Lab., Belmont Ave. & Ford 
Rd., Philadelphia 31, Pa. (Pa.) 

Crawford, Sinclair S., Jr., Supt., 
First Sew. Dist., Box 152, Lake 
Charles, La. (Tex.) 


Crawford, Stuart C., Research Chem., 


Camp Mfg. Co., Franklin, Va. 
(Va.) 
Creears, T. H., 1824 S. Hope St., 


‘Calif. 
Crepeau, Louis, Dir. 
ice & City Engr., City Hall, St. 
Hyacinthe, Quebec, Can. (Can.) 
Crist, Marion L., Engr., Marion L. 
Crist & Assocs., Union Life Bldg., 

Little Rock, Ark. (Ark.) 

Critoph, Dennis, Engr., Meadows, 
Critoph & Co., 1155 W. Pender 
St., Vancouver, B. C., Can. (Can.; 
Dual—Pac. NW.) 

Crocker, B. A., City Engr., 
Longview, Tex. (Tex.) 
Harold S., City Engr., 
Brockton 22, Mass. 


(Calif.) 
of Tech. Serv- 


Los Angeles, 


Box 551, 


City 
(N. 


Crocker, 
Hall, 
Eng.) 

Crockett, C. L., Chief Chem., Chem. 
Lab., Norfolk & Western Railway 





Crowther, J. W., Sew. Disp. Wks., 
Darfield, Nr. Barnsley, Yorkshire, 
Eng. (ISP) 

Crundall, S. F. W., Peter Spence & 
Sons, Ltd., Nat’l. Bldg., St. 
Mary’s Parsonage, Manchester, 
Eng. (ISP) 

Crysler, R. A., Canada Cement Co., 


Northern Ontario Bldg., Toronto, 
Ontario, Can. (Can.) 

Cuevas, Sergio, Puerto Rico Aque- 
duct & Sewer Service, Stop 26%, 
Fernandez Juncos Ave., Santurce, 
P. Gr.) 

Culley, Walter M., San. Engr., Nat’). 
Biscuit Co., 40-21 205th St., 
Bayside, L. I ¥. (8. .) 

Culli, George O., Jr., Engr. Asst., 
State Dept. of Health, P. O. Box 
49, Corpus Christi, Tex. (Tex.) 

o.: Eugene F., Sew. Pit: Opr., 

Cooks Lane, Highland Falls. 
N. Y. (N.Y.) 

Culver, Robert H., Grad. Eng. Stud., 
Univ. of Fla., 251-T Flavet 3, 
Gainesville, Fla. (Fla.) 

Cunetta, Joseph, 125 Worth St., Rm. 
821, New York 13, N. Y. (N. Y.) 


Cunney, George A., Jr., Sales Engr., 
2233 Observatory Pr... .NewW., 
Washington 7, D. . (Pa.) 

Cunningham, H. - Allentown 
State Hosp., Allentown, Pa. (Pa.) 

Cunningham, John J., Clerk, Bd. 
of Supvrs., Co. Court House, 
Kingman, Ariz. (Ariz.) 

Cunningham, John W., Cons. Engr., 
John W. Cunningham & Assoc., 
1112 Spalding Bldg., Portland, 
Ore. (Pac. NW.) 

| Cunningham, M. B., Supt. & Engr., 
City Water Dept., Rm. 203, Mun. 
Bldg., Oklahoma City, Okla. 
(Okla.) 


Co., Roanoke, Va. (Va.) 

Croft, Don K., Chem., Sew. Tr. Plt., 
350 Linganore Ave., Hagerstown, | 
Md. (Md.-Del.) 

Croft, H. P., Chief Engr., State 
Dept. 


of Health, 208 Maple Ave., 
Trenton 8, N. . N,J. 


Crohen, W. F., Supt., Water Wks., 
Port Clinton, Ohio (Ohio) 

Crooks, Howard, Supt., Sew. Tr., 
Bd. of Pub. Wks., Minominee, 
Mich. (Mich.) 

Croom, Hardy C., Supt., Water 
Pit., City Hall, New Smyrna, 
Fla. (Fla.) 

Cross, A. H., Supt., Sew. wie Old 
Windsor, Berkehive, Eng. (ISP) 

Crow, Harry B., Sewer Supt., Box 


y 
254 Kirkland, Wash. (Pac. NW.) 





Cunningham, Paul F., Power Supt., 


Monsanto Chem. Co., Nitro, W 
Va. (W. Va.) 
i pony David H., Cons. Engr., Cur- 


rie Eng. Co., 219 Andreson Bldg., 
San Bernardino, Calif. (Calif.) 


Currie, Frank S., Engr., Currie Eng. 


Co., 219 Andreson Bldg., San 
Bernardino, Calif. (Calif.) 

Curtis, Clive W., Sew. Plt. Opr., 
Manteno State Hosp., Manteno, 
Ill. (Cen. St.) 

Cushing, Robert, Des. Engr., Head- 
man, Ferguson & Carollo, Engrs., 
948 Ash Ave., Temple, Ariz. 
(Ariz.) 

Cushman, Sumner P., i Oper., 
1256 Eleanor St., St. Paul 5 


Minn. (Cen. St.) 


Cuttica, Hector G., Asst. Plt. Opr., 
Dept. Pub. Wks., 300 Cumber- 
land St., Brooklyn 5, N. Y. 
(N.Y.) 

Cyr, Rene, Asst. Chief Engr., Min- 
istry of Health, 1570 St. Hubert 
St., Montreal ‘24, Quebec, Can. 
(Can.) 


Dabney, Laurence W., Asst. Engr., 
John J. Harte Co., Forsyth Bldg., 
Atlanta 3, Ga. (Ga.) 


Dagg, R. G., Ind. Engr., Chain 
Belt Co., Rm. 1542, 20 N. Wacker 
Dr. Chicago 6, Ill. (Ta.) 

Dahl, Arve H., San. Engr., USPHS, 
15 Shattuck Sq., Berkeley 4, 
Calif. (Calif.) 

Dahl, Karl L., Engr., Pa. Dept. of 


Health, Bur. of Eng., Harrisburg, 
Pa. (Pa.) 


CONSOLIDATED MEMBERSHIP DIRECTORY 
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Dailey, James, 1383 Harpst St., Ann 
Arbor, Mich. (Mich.) 

Dale, Drake P., Civil Engr., 
Second Blvd., Detroit 1, 
(Mich.) 

D’Aleo, A. R., Lehman Sewer Pipe 


4139 
Mich. 


Co., Inc., 32 Court St., Brooklyn, 
N. Y. (N.Y.) 
Daley, Stanley J., 412 St. Joseph 


St., Union City, Mich. (Cen. St.) 
Daly, James A., 
Engineering & Contract Record, 
347 Adelaide St., W., Toronto 2B, 
Ontario, Can. (Can.) 
Daly, Robert E., Engr., Francis 
Hankin Co., Ltd., 57 Bloor St., 


Managing Ed.., 


W., Toronto, Ontario, Can. (Can.) 

Damerow, Harry W., City Hall, 
Vero Beach, Fla. (Fla.) 

Damon, Nelson A., Opr., Sew. Tr. 
Pit., 34 Spring St., Amherst, Mass. 
(N. ge 

Dee, G., Dir. Pub. Service, 


2. Mul ‘Hall, Battle Creek, 
Mich, (Mich.) 
Dandona, Joseph, Asst., Plt. Opr., 
112 a Ave., Freeport, N. Y. 
Daniels, F. E., Pa. Dept. of Health, 
4017 N. Second St., Harrisburg, 
Pa. (Pa.) 

Daniels, Hershel, Asst. 
Opr., Sycamore, IIl. 
Daniels, P. N., San. 
Maple Ave., Trenton 8, 

(N.J.) 


Daniels, 
717 


Sew. Disp. 
(Cen. St.) 
Engr., 56 
Ne J. 
Roy D., Water Wks. 
29th St, Parkersburg, 

Va. (W. Va.) 

Danse, L. A., Chmn., Gen. Motors 
Ind. Waste Disp. Comm., 15229 
Gen. Motors Bldg., Detroit, Mich. 
(Mich.) 

Dappert, Anselmo F., State Dept. of 
Health, State Office Bldg., Albany 
LN. Y. Qk 


Dept., 
W. 


Darby, George M., Dir., Westport 
Mill Labs., Dorr Co., Westport, 
Conn. (N. Eng.) 

Darby, W. A., The Dorr Co., 570 
Lexington Ave., New York 22, 
N. Y. (Pa.; Dual—N.Y.) 

Dardel, W., Ing., Aarberg, Berne, 
Switz. (Switz.) 

Darling, E. H., Cons. Engr., 513 
Pigott Bldg., Hamilton, Ontario, 
Can. (Can.) 

Darnell, Floyd M., 708 City Hall, 


Los Angeles 12, Calif. (Calif.) 

Dashiell, Walter N., USPHS, Dist. 
, 707 Pere Marquette Bldg., New 
Orleans, La. (Fed.) 


DaStigton, Leonard, Town Clerk, 
Sioux Center, Ia. (Ia.) 

Davenport, George L., Jr., Asst. 
Engr., A. T. & S. F. Railway Co., 
1430 W. 52nd St., Los Angeles 
37, Calif. (Ariz.) 

Davey, Harold W., Chief Engr., 
Eng. Dept., 1021 Q St., Bakers- 


field, Calif. (Calif.) 

David, Frank J., San. Supvr., Fed- 
eral Reformatory, Chilicothe, Ohio 
(Ohio) 


Davids, E. M., Vice-Pres., Gladding, 
McBean Co., 2901 Los Feliz 
Ivd., Los Angeles 26, Calif. 
(Calif.) 


Davids, Herbert W., Jun. San. Engr., 
Nassau Co. Health Dept., 78. S. 
Wellington Rd., Garden City, 
N. . ¥. GUY.) 

Davidson, A. B., San. Engr., Schen- 
ley Distillers, Inc., 26 E. 6th St., 
Cincinnati 2, Ohio (Ohio) 
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Davidson, F. G., Lake Rd., Valley 
Cottage, N. Y. (N.Y.) 

Davidson, J. F., Cons. Engr., David- 
son & Fulmor, 3646 Seventh St., 
Riverside, Calif. (Calif.) 

Davidson, Jesse I., Power Engr., 
Calco Chem. Div., Amer. Cyana- 
mid , Willow Island, W. Va. 
(W. Va. ) 

Davidson, John, Sales Engr., 505 W. 
First Ave., Vancouver, B. C., Can. 
(Can.; Dual—Pac. NW.) 

Davies, S. B., Pres. & Gen. Megr., 
Royer Foundry & Machine Co., 
158 Pringle St., Kingston, Pa. 
(Assoc. ) 

Davis, Albert E., Supt., Sew. Tr. 
Pit., Rt. 19, New Brunswick, 
N. = (N.J.) 

Davis, C. >: 3s Jr., San. Engr., Ar- 
mour Co., Eng. Div., Chicago 
9, Ill. "oe St.) 

Davis, Charles A., City San. Engr., 

City & Co. Bldg., Denver, Colo. 
(Rocky Mtn.) 

Davis, Clarence A., E. I. DuPont 
de Nemours & Co., Station B, 
Buffalo 7, N. Y. (N.Y.) 

Davis, E. E., Supt, Sew. Tr. Pit., 
Howell, Mich. (Mich.) 

Davis, Edward T., Cons. Engr., The 
Chester Engrs., 210 E. Parkway, 
Pittsburgh, Pa. (Pa.) 

Davis, Frederick E., Clark Supply 
Co., Inc., 3707 N. Richard St., 
Milwaukee 12, Wis. (Cen. St.) 

Davis, H. A., Cons. Engr., 417 
Commerce Bldg., St. Paul 1, 
Minn. (Cen. St.) 

Davis, H. F., Dist. Mgr., Wallace 
& Tiernan Co., Inc., 125 N 
Poplar St., Charlotte 6, m4. 
(N.C.) 

Davis, J. K., Mgr., Sew. Wks., 
Campbell Rd., Swinton, Lanca- 
shire, Eng. (ISP) 

Davis, P. D., Partner, Piatt & 
Davis, Cons. Engrs., P. O. Box 
971, Durham, N. C. (N.C.) 

Davis, T. J., Supt. of Filtration, 
Brighton Mills, Shannon, Ga. 
(Ga.) 

Dawson, Arthur, Opr., Sew. Tr. Pit., 
226 Fifth Ave., Greenport, a ae 
N. Y. (N.Y.) 

Dawson, Norman, 104 S. Taylor 
Ave., Oak Park, Ill. (Cen. St.) 
Dawson, Thomas T., Engr., Har- 
wood- Beebe Co., Montgomery 
Bldg., Spartansburg, S. C. (N.C.) 
Day, C. G., Constr. & Maint. Engr., 
New Eastern State Penitentiary, 
c/o John H. Flohr, Sr., Graterford, 

Pa. (Pa.) 

Day, Elroy K., USPHS, 19th & 
Constitution Ave., Washington 25, 
D. C. (Fe 

Dayton, Alfred E., Opr., Sew. Tr. 
Pit., 273 Murray St., Newark, 
N. Y. (N.Y.) 

Deal, Arthur V., Jr., Engr. Insp., 
Hampton Rds. San. Dist. Comm., 
329 Flatiron Bldg., Norfolk,. Va. 
(Va.) 

Deane, Elmer L., Mun. Bldg., New 
Bedford, Mass. (N. Eng.) 

Dearborn, S. Sherman, Sales Engr., 
93 Prince William St., St. John, 
New Brunswick, Can. (Can.) 


DeBerard, W. W., City Engr., 402 
ay Hall, Chicago 2, Ill. (Cen. 
4 


DeBrito, F. Saturnino, Jr., Cons. 
Engr., Caixo Postal 1631, Rio de 
Janeiro, Brazil, S. A. (N.Y.) 


| Delaporte, 
Cc 


Dennis, 
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Debrun, John W., 
Taylorville San. 
Teoorvitte 


Park St., 
St.) 


Decher, Edward P., a 
Comm., 36 Midland Pl., } 
N. J. (N.J.) 

Decker, C. D., 


Tr. Wks., 


W. Va. (Ohio) 
Dees, Ben W., 
L. Crist & Assocs., 
Bldg., Little Rock, Ark. (Ark.) 
Degg, A., 32 Richmond Dr., 
ness, Lincolnshire, E 
de Goicoechea, 
cuela de Ingenieros, Y Arquitectos, 
Universidad de 
bana, Cuba (Fla.) 
DeGroat, a N., Pit. Opr., 
land Light & Power Co., 
Ave., Nyack, N. Y. (N.Y 
DeHaai, Ira, 
Health Dept., 
town, S. Dak. 
DeHaas, Nicholas, | 


Pit., Box 
(N. Eng.) 


DeHooghe, Bernard A., Supt., 
2 . 


ar. Fit., 


stone, Mich. 


Deitch, Meyer, Int. San. Comm., 
William St., Ni { 


(N.Y.) 


| deJarnette, N. M., Asst. : oF 
State Bd. of Health, Pub. Health 
Bldg., Atlanta 3, Ga. (G 
Delano, E. Huntley, 
Tr. Plt., 343 Donald Pl., S 
Grand Rapids, Mich. i 


Delano, R. G., City Supt., 


Sth St., St. 


Toronto 
DeLeuw, 


Cather Pi Ng 
Chicago 6, Til. 


Delisle, E. A., 
Hall, Shawinigan 


Can. (Can.) 


Dellasala, John J., 
Co., Inc., 5924 15th Ave., 
. (N.Y.) 


lyn 19, N. 


Dellett, Elmer E., 
Health, 103 N. 
(Pa.) 


wood, Pa. 


DeMartini, Frank E., 
USPHS, E. Third & Kilgour Sts., 
Cincinnati 2, Ohio (Calif.; 


—Fed.) 
Demorest, S. 


Pit., 216 E. Cheery St., 
| Mich. (Mich.) 

| Dempf, H. R., Prin. Engr., 
L. Miller, Cons. Engrs., 


Dowell Bldg., 
(Ky.-Tenn.) 
Dempsey, W. 


Oshawa, Ontario, "Can. 
Dempster, Andrew T., 
Detroit Dept. 
John R S&t., 


(Mich.) 


Denise, William D., Supt., § 
Pit., 486 Denise Rd., 


nN; &. 


Dennelly, Philip G., Opr., 
Pit., 195 Steamboat 
(N.Y.) 


Neck, N. Y. 


A: We ; 
g., Experimental Station, Dept. 
of Health, 807 reg St. 


Carl E., City Megr., 
ford, Mich. (Mich.) 
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Dennis, Joseph M., Jr. Engr., Tenn. 
Dept. of Pub. Health,, 420 Sixth 
Ave., N., Nashville, Tenn. (Ky.- 
Tenn.) 

Dent, Harry H., Great Neck Sewer 
Dist., 236 E. Shore Rd., Great 
Neck, N. Y. (N.Y.) 

DePoy, A. G., Opr., Sew. Tr. Pit., 
117 Sixth Ave., S., So. St. Paul, 
Minn. (Cen. St.) 

Derby, Ray L., Prin. San. Engr., 
Los Angeles Dept. of Water & 
Power, Box 3669 Terminal An- 
nex, Los Angeles 54, Calif. (Calif.) 

DesBaillets, C. J., Chief Engr., 
Tech. Div., 3161 Joseph St. Ver. 
dun, Quebec, Can. (Can 

Deslauriers, A. J., City es & 
Water Wks. Supt., City Hall, 1 
18th Ave., Lachine, Quebec, Can. 
(Can.) 

Desmarais, R. J., City Engr., 451 
Park St., W., Windsor, Ontario, 
Can. (Can.) 

Deuchler, Walter E., Cons. Engr., 
63 S. LaSalle St., Aurora, Ill. 
(Cen. St.) 

Devendorf, Earl, Asst. Dir., State 
Dept. of Health, Div. of San., 
Albany, N. Y. (N.Y.) 

DeVore, Ralph, Supt., Water Dept., 
City Hall, Norman, Okla. (Okla.) 

DeWante, Randolph H., Ist Lt., 
0-495197, 2161 Markham Way, 
Sacramento 17, Calif. (Calif.) 

Dewart, Donald M., Havens & 
Emerson, Cons. Engrs., Sharon, 
Conn. (N.Y.) 

Dick, Charles, Owner-Mgr., Dick 
Const. & Eng. Co., 75 Fitch St., 
Welland, Ontario, Can. (Can.) 

Dick, Robert, Jr., R.R. 7, Box 626, 
1701 Benson Highway, Tucson, 
Ariz. (Cen. 

Dickey, H. hg Tec: Canada _ Vitri- 
fied Products, Ltd., St. Thomas, 
Ontario, Can. (Can.) 

Dickinson, W. K., Pres., Dickinson 

White, Engrs., 115 N. Spring 
St., Little Rock, Ark. (Ark.) 

Dickson, Harvey J., Supvr., Sew. 
Tr. Pit., 2983 Alter Rd., Detroit, 
Mich. (Mich.) 


Dickson, W. H., Dickson & Still- 
well, Inc., 404% S, — St., 
Charlotte, N. C. (N.C.) 


Diefendorf, Fred G., aot. Sew Tr. 
Pt, 346 W. 8th St., Erie, Pa. 
(Pa.) 

Dierker, Fred H., Jr., San. Engr., 
Orange Co. Health Dept., Court 
House Annex, Santa Ana, Calif. 
(Calif.) 


Diekevers, Walter, Boyden, Ia. (Ia.) 


Dietz, Irving M., Jr., Hydr. & San. 
Engr., Pub. Wks. Dept., U. S. 
Naval Air Station, 3242 Topeka, 
Corpus Christi, Tex. (Tex.) 


Dietz, Jess C., Univ. of Ill., Dept. 
of Civil Eng., College of Eng., 
Urbana, Ill. (Cen. St.) 


Diggs, R. W., Mer., Hampton Rds. 
San. Dist. Comm., Norfolk 10, 
Va. (Va.) 

Dilorio, Anthony F., Opr., Ft. Mon- 
mouth, 173 Bennington Dr., 
Fords, N. J. (N 

Diller, Walter W., Chem., Decatur 
San. Dist., 1104 W. North St., 
Decatur, Ill. (Cen. St.) 

Dilworth, Harold M., Airways Engr., 
sag of Transport, 706 Tegler 
Bldg., Edmonton, Alberta, Can. 
(Can.) 
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De 


Di 


D 
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Dimmitt, Bruce S., Dist. San. 
Engr., State Bd. of Health, 409 
E. Walnut St., Green Bay, Wis. 
(Cen. St.) 


Dion, Clarence K., Post Rd., West- 


erly, R. I. (N. Eng.) 

Disarito, G. M., Private Consultant, 
Ave. Los Pinos 2D_ LaFlorida, 
Caracas, Venezuela, S. A. (N. 
Eng.) 


Chief San. Insp., St. 


Disher, D. M.., 
Health Unit, 


Catharines-Lincoln 


St. Catharines, Ontario, Can. 
(Can.) 

Disston, Henry & Sons, Inc., Ta- 
cony, Philadelphia 35, Pa. (Corp., 
Pa.) 

Dixon, F. S., Midwest Equip. Co., 
1619 Hennepin, Minneapolis 3, 
Minn. (S. Dak.) 

Dixon, G. Gale, Cons. Engr., Par- 
sons, Brinckerhoff, Hogan & Mac- 
donald, 142 Maiden Lane, New 
York 7, N. ¥.. GN.Y.) 

Dixon, R. M., Prof., San. Eng., 
Tex. A. & M. College, Box 273, 
Faculty Exchange, College Sta- 
tion, Tex. (Tex.) 

Dobson, John G., Wallace & Tier- 
nan, Inc., 1 Garwood Trail, Den- 
ville, N. J. me 
“—“" taff, R. W., Opr., Sew. Tr. 

Pit., 4871 ices St., Ebenezer, 
N.. ¥.. OVE) 

Dobstaff, Robert, Jr., Opr., Sew. Tr. 
Pit., 4867 Seneca St., Ebenezer, 
N.. ¥.. CN.) 

Dodd, C. K. S., Cons. Engr., Sara- 
sota, Fla. (Fla.) 

Dodge, H. P., San. Engr., The 


Francis Eng. Co., 
Saginaw, Mich. (Mich.) 


Doggett, William H., State Dept. of 


Health, 511A State House, Boston |} 


Mass. (N. Eng.) 
Doland, James Joseph, Prof., Civil 
Eng., Univ. of Ill., 317 Engineer- 
ing Hall, Urbana, Ill. 


Doman, Joseph, Opr., Div. 


33, 


of High- 





729 Emerson, | 


(Cen. St.) | 


ways & Sewers, 196 Milbank Ave., | 


Greenwich, Conn. (N._ Eng.; 
Dual—N.Y.) 

Domenech, Rafael A., Asst. 
Engr., 201 Dos Hermanos S&t., 
Stop 19, Santurce, P. R. (P.R.) 


Domke, L. C., Supt., Waukegan 


Water Wks. No. 2, Waukegan, IIl. 
(Cen. St.) 

Domlesky, Leonard S., Engr., 3461 
Market St., Camp Hill, Pa. (Pa.) 

Domagalla, Dr. Bernard, Biologist, 
2477 N. 39th St., Milwaukee 10, 
Wis. (Cen. St.) 

Donaldson, Wellington, Chief, Bur. 
of Sew. Disp. Des., Dept. of Pub. 
Wks., 125 Worth St., Nee York, 
N. y. (N.Y.) 

Donnelly, R. M., Opr., Sew. Tr. 
Pit., 2417 N. Capitol St., Wash- 
ington, D. C. (N. Eng.) 

Donnini, ve EL... Goce, Sow. Tr. 
rit. RF i, Gales Ferry, 
Conn. (N. Ning.) 

Doorley, Frank M., Jr.. Chem. 
Engr.. Wheatland Tube Co., 
Wheatland, Pa. (Pa.) 

cae Arthur L., USPHS, 1407 
u, Appraisers Bldg., San’ Fran- 
cisco. 11, Calif. (Calif.; Dual— 
Fed.) 

Dore, Stanley M., Asst. Chief Engr., 
Met. Dist. Water Supply Comm., 
20 Somerset St., Boston 8, Mass. 
(N. Eng.) 

Dorr Co., Inc., 


570 Lexington Ave., 
New York, N. Y. (Assoc. ) 


Civil 





Dorr, — M., S. E. Oakland Co. 


O. 17, Royal Oak, Mich. 

(Mich.) 
Dougherty, J. J., Rep., Albert Pipe 
S 0., Inc., Berry & N. 
Brooklyn mm %: 


B., Engr., 
Charleston, 


W. 


John 
W. 


Co., 
Va.) 
H. S., Supt. 
Dept., Statesville, N. 
Douglass, R. M., Civil Engr., 912 
Columbia Bank Bldg., Pittsburgh, 
Fa. (ea;) 
Dousette, J. W., 
Iowa Valve Co., 
Ave., Chicago, IIl. 
Downer, G. B., Civil 
W. 13th, Pueblo, 
Mtn.) 
Downer, 
Engr., 
Springfield, 


Douglas, 
Water 
(CW. 

Douglass, 


Va. 
Va. 


City Water 
Cc. G¥e.) 


Gen. Sales Megr., 
201 N. Talman 
(Assoc. ) 
Engr., 1017 
Colo. (Rocky 


William J., Prin. San. 
State Dept. of Pub. Health, 
Ill. (Cen. St.) 
Downes, John R., P. O. Box 
Dunellen, N. J. (N.J.) 

Downing, Francis J., 1038 City 
Hall, Buffalo, N. Y. (N.Y.) 

Doyle, Thomas J., Supt., Sew. 
Pit., 274 E. Blvd. N., 
17, Mich. (Mich.) 

Doyle, William H., San. Engr., 

. of Health, P. O. Box 
Wisconsin Rapids, Wis. (Cen. 

Drake, James A., 5731 Colfax 
Ss. Minneapolis, Minn. (Cen. St.) 

Dravo Corp., Att: R. W. Hiller, 
Pit. Mer., Neville Island, Pitts- 
burgh 25, Pa. (Corp., Pa.) 

Dreier, Douglas E., 460 S. 4th St., 
Aurora, Ill. (Cen. St.) 

Drew, Samuel T., Chief of Party, 
Inst. of Inter-Amer. Affairs, 
Apartado 14, Guatemala City, 
Guatemala, C. A J. Eng.) 

Drexel, Frederick, San. Engr., 
of Sewers, 62-66 60th Dr., 
peth, L. I., N. ¥. (N.Y.) 

Drinkwater, Philip, Sew. Disp. Wks., 


Ma, 


State 
270, 
St.) 


Bur. 
Mas- 


Summers Lane, Finchley, London, 
N. 12, Eng. (ISP) 

Driscoll, Timothy J., Student, 317 
Benziger Ave., Staten Island 1, 
N. Y. (N.Y.) 

Drummond, A. H., 94 Greencroft 
Rd., Heston, Middlesex, Eng. 
(ISP) 

Drummond, C. E., Cons. Engr., 
Wiedeman & Singleton, P. O. 


Box 1878, Atlanta 3, Ga. (Ga.) 

Drury, Walter R., Cons. Engr., 
Shoecraft, Drury & McNamee, 
Ann Arbor, Mich. (Mich.) 

Duane, John, Supt., Sew. Tr. Pit., 
34 Armour Pl., Dumont, N. J. 
(N.J.) 

DuBois, F. W., Pres., DuBois & 
Webb Co., 2832 E. Grand Blvd., 
Detroit, Mich. (Mich.) 

Dudley, D. E., Mech. Engr., 
Badger Rd., Madison 5, 
(Cen. St.) 

Dudley, Richard E., Rm. 410, City 
Hall, Springfield, Mass. (N. Eng.) 

Dufficy, Frank J., Mech. Drafts- 
man, Dept. of Pub. Wks., 4300 
Martha Ave., New York 66, N. Y. 
(N.Y.) 

Dufresne, Paul Ed., 
City Hall, Radisson St., Trois 
Rivieres, Quebec, Can. (Can.) 

Dugan, F. C., Chief San. Engr., 
State Health Dept., 620 S. Third 
St., Louisville 2, Ky. (Ky.-Tenn.) 


Rt. 4, 
Wis. 


City Engr., 
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Duncan, J. G., 
Ontario Dept. 
Richmond St., W., 
Ontario, Can. "(Can.) 

Duncan Stratton & Co., Ltd., Hydr. 

en. Engrs., 5 Bank St., Bom- 
bay, India (ISP—Eng.) 


Asst. 
of 


Chem. Engr., 
Health, 807 
Toronto 3, 


Dundas, William A., San Engr., 
Chicago San. Dist., Rm. 700, 
910 S. Mich. Ave., Chicago 5, 
Till. (Cen. St.) 

Dunham, Herman, City Water 
Dept., 714 W. Cheery Ave., Flag- 
staff, Ariz. (Ariz.) 


Dunlap, James McK., oo Mgr., 
(Va. 


Lexington, Va. 

Dunmire, E. H., Cons. Engr., 2774 
saute St., Lincoln, Neb. (Cen. 
St.) 

Dunn, James W., Pit. Opr., Pica- 
tinny Arsenal, 176 Thompson 
Ave., Dover, N. J. (N.J.) 

Dunseth, R., Eng. Asst., State Dept. 


of Health, 2437 S. 7th St., Spring- 
field, Ill. (Cen. St.) 
Dunstan, Gilbert H., 
San. Eng., Univ. 
1996, University, 


Asst. Prof., 
of Ala., Box 
Ala. (Calif.) 


DuPont, Anthony W., Sewer Nae i 
81 Oliver St., Bristol, R. (N. 
Eng.) 
| Durham Water Dept., Att: D. M. 
William, Dir., Durham, N. C. 
(N.C.) 

Durr, John P., Jr., Asst. San. Engr., 
Pa. Dept of Health, Trust Bldg., 
Meadville, Pa. (Pa.) 

DuVal, Chalkley, Chief, Bur. of 
Surveys & Des., 217 Governor St., 
Richmond 19, Va. (Va.) 

Duvall, Arndt J., San. Engr., Tolz, 
King & Day, Inc., 1391 Fair- 
mount Ave., St. Paul 5, Minn. 
(Cen. St.) 

Dworsky, L. B., Sr. Asst. San. 
Engr., USPHS, 19th & Constitu- 
tion Ave., Washington 25, D. C 
(Fed.) 

Dyckman, Warren W., Cons. Engr., 
Rm. 2142, Mun. Bldg., New 
“York, N. Y. (N.Y.) 

Dye, John, Supt., Spencer San. Bd., 
Box 3, Spencer, W. Va. (W. Va.) 

Dye, R. D., Box 3669, Terminal 
Annex, Los Angeles 54, Calif. 
(Calif.) 

Dyer, Samuel, Memorial _ Bldg., 
Framingham, Mass. (N. Eng.) 





Dyrenforth, Donald, The Dorr Co., 


1009 Seventeenth St., Denver, 
Colo. (Rocky Mtn.) 

Dyson, R. H., Supt., Carlisle 
Sew. Wks., ” Willow Holme, Car- 
lisle, Cumberland, Eng. (ISP) 

Eagleson, John W., 65 Virginia 
Dr., Manhasset, N. Y. (N.Y.) 


Early, Fred J., Jr., Fred J. Early, 
r. CA, 369 Pine St., San Fran- 
cisco 4, Calif. (Calif.) 

Early, Mart, Water Supt., 
Idaho, (Pac. NW 

Easdale, W. C., San. Engr., 
Grove Gardens, ° ata 
dlesex, Eng. (IS 

en William ~4 Mathieson Al- 


Moscow, 


32 


Mid- 


ali Wks., Inc., 613 Hospital 
Trust Bldg., Providence 3. Be £. 
(N.Y. and N. Eng.) 

Easter, Charles W., Supt., Water & 
Sewer Dept., 7 Sullivan St., Clare- 
mont, N. H. (N. Eng.) 

Easter, Leonard C., Opr., Sew. Tr. 

Clare- 


Pit., 25 W. Terrace St., 
mont, N. H. (N g.) 
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Easterbrook, J. E., Librarian, Im- 
perial Oil, Ltd., Sarnia, Ontario, 
Can. (Can. 

Easthagen, J. H., Supv. Chem., 
Calif. Research Corp., Richmond, 
Calif. wer 
Eastwood, Gas_ Research 


7, 
oy 8) the ‘Univ., Leeds 2, Eng. 
(I 


Eberle Tanning Co., Sole Leather 


Tanners, Att: J. F. Eberle, Jr., 
gy Mer., Westfield, Pa. (Corp., 
a. 

Ebneter, Walter, Opr., Sew. Pit., 
Bronson Ave., Portage, Wis. 
(Cen. St.) 

Eby, Earl, Vice-Pres., Elk River 
Concrete Products Co., 502 Power 
Block, Helena, Mont. (Mont.) 

Eckbert, Chester A., Boro. Mger., 
Hanover, Pa., (Pa.) 


Eckelcamp, Joseph, Opr., Sew. Tr. 
Pit., P. O. Box 565, Spring Lake, 
Mich. (Mich.) 

Eckloff, Russel! A., Engr., Water 
Pollution Comm., Concord, N. H. 
(N. Eng.) 


Ecusta Paper Corp., Att: Herbert 
Finck, Hydr. Engr., Pisgah 
Forest, N. C. (N.C.) 
Eddy, Harrison P., Jr., Partner, 
Metcalf & Eddy, Cons. Engrs., 


1300 Statler Bldg., 
Mass. (N. Eng.) 
Eddystone Mfg. Co., 
Wendler, Chief Engr., 

Pa. (Corp., Pa.) 
Edgecombe, G. H., Supv. Engr., 
Eng. Div., Dept. of Nat’l Health 
& Welfare, 635 Jackson Bldg., 
Ottawa, Ontario, Can. (Can.) 
Edgerley, Edward, Civil Engr., Pa. 
Dept. of Health, 343 N. West 
End Ave., Lancaster, Pa. (Pa.) 


Ediger, O. O., Ediger Eng. Co., 142 
Admin. Bldg., Wichita Mun. Air- 


Boston 16, 


Att: Paul B. 
Eddystone, 


port, Wichita, Kan. (Kan.) 
Edighoffer, Albert, Opr., Sew. Tr. 
Pit., 27 Parkwood Ave., Ken- 
more, N. Y. (N 


Edinger, Harry F., Ulster Co. Dept. 
of Health, 61 Albany Ave., Kings- 
ton, N. Y. (N.Y.) 

Edis, William H., The Merrill Co., 
Engrs., 582 Market St., San Fran- 
cisco 4, Calif. (Calif.) 

Edmonds, W. R., San. Engr., Dist. 
4, Dept. of Nat’l. Health & Wel- 
fare, 635 Jackson Bldg., Ottawa, 
Ontario, Can. ee 

Edmondson, J. H 


Disp. Dept., | 








Wincobank, Sivetheld, Yorkshire, 
Eng. (ISP 
Edmundson, E. B., Util. Engr., | 


Goodyear Syn. Rubber Corp., Box | 


104, LaPorte, Tex. (Tex.) 
Edwards, Clement, First Asst. Engr., 
Dept. of Wks., Sewer Section, 
City Hall, Toronto 1, Ontario, 
Can. (Can.) 
Edwards, G. H., Civil 
Witt C. Griffin & Assoc., 
Lloyd Bldg., Seattle 1, 
(Pac. NW.) 
Edwards, Gail P., 


Engr., De- 
717 
Wash. 


Chief of Lab., 


Dept. of Pub. Wks., ards Is- 
land, N. Y. (N.Y.) 
Edwards, J. Eastman, Chem., Sew. 


ae, Wit, 3377 E. 32nd. St., 
Cleveland, Ohio (Ohio) 

Edwards, Myles W., Asst. Engr., Pa. 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

Edwards, William L., Plt. Opr., Go- 

wanda State Hosp., "Gowanda, N. Y. 
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Egan, J. H., Crane Co., 
Third St., Los Angeles, 
(Calif.) 

Egger, Oscar O., San. Engr., State 
Dept. of Health, 130 E. 9th St., 
Fond du Lac, Wis. (Cen. St.) 

Eglof, Dr. Warren K., Head, Dept. 
of Chem., Niagara Univ., Niag- 
ara University, N. Y. (N-Y.) 

Ehle, Virgil, Cons. Engr., 
Ave., 


321 £E. 
Calif. 


21 Grand 


Ehlers, V. M., Chief San. Engr., 
State Dept. of Health, 2616 Rio 
Grande, Austin, Tex. (Tex.) 


Eich, Henry F., 848 S. aay Ave., 
Los Angeles, Calif. (Calif. 

Eich, Henry F., 1333 Deca St., 
Brooklyn, N. 'Y. y.Y.) 


Gloversville, N. Y. (N.Y.) | 





Eick, John F., Chem., Eberle Tan- 
ning Co., Westfield, Pa. (Pa.) 

Eidsness, Fred A., Dist. Mer., In- 
filco, Inc., 215 Church St. Bldg., 
Decatur, Ga. (Ga.; Dual—Ky.- | 
Tenn.) 

Eiffert, William T., Sr. Pub. Health 


Engr., Wash. State Health Dept., 
423 Hutton Bldg., Spokane, Wash. 
(Pac. NW.) 


Elder, Francis B., Eng. Assoc., 
Amer. Pub. Health Assn., 1790 
Broadway, New York 19, N. Y 
(N.Y.) 

Elder, Leiton J., Box 483, Hamil- 
ton Field, Calif. (Calif.) 

Eldridge, E. F., Chem., Eng. Ex- 
periment Station, Mich. State | 
College, 220 Charles St., E. 
Lansing, Mich. (Mich.) 


Eldridge, W. J., Supvr., Water Tr. 


Sew. Disp., E. I. duPont de 
Nemours & Co., Old Hickory, 
Tenn. (Ky.-Tenn.) 

Eliassen, Rolf, Prof., San. Eng., 
New York Univ., College of Eng., 
Univ. Heights, New York 53, 
N. Y. (N.Y.) 

Elkland Leather Co., Inc., Sole 
Leather Tannery, Elkland, Pa. 
(Corp., Pa.) 

Ell, Henry T., Engr., 252 Ellery 
Ave., Newark, N. J. (N.J.) 

Ellerbusch, R. P., 1032 Vaughn, 
Ann Arbor, Mich. (Mich.) 

Ellis, Fielding S., Research Metal- 
lurgist, Alan Wood Steel Co., 
Conshohocken, Pa. (Pa.) 

Ellis, James, Gen. Supt., Tenn.- 
Eastman. Corp., 1708 Orchard | 
Lane, Kingsport, Tenn. (Ky.- 
Tenn.) 

| Ellms, J. W., Commr., Sew. Disp., 
Dept. of Pub. Util., 1310 W. 
112th St., Cleveland, Ohio (Ohio) | 

Elmendorf, C. E., Cons. Engr., 10 | 
Gibbs St., Rochester 4, N. Y. 
(N.Y.) 

Elsenheimer, William A.,  Engr., 
Gen. Eng. Des. Co., 1320 W. St. 
Joseph St., Lansing 15, Mich. 
(Mich.) 

Ely, E. H., Civil Engr., J. D. & 
D. M. Watson, 14 Spencer Rd., 
Herne Hill, London, S.E. 24 





Eng. (ISE) 
Embree, Lon J., Supt., 
System, Magnolia, Ark. 
Emerson, C. A., Havens & Emerson, 
Cons. Engrs., Woolworth Bldg., 
New York 7, N. Y. (Pa.) 
Emsley, D. H., Knastrop Sew. Wks., 
Leeds 9, Yorks, Eng. (ISP) 
Engineering News-Record, 330 W. 
42nd St., New York, N. Y. 
(Assoc. ) 


Mun. yaaa 
(Ark.) 


March, 1948 


English, J. A., City Engr. & Supt., 
C. 


riety Dept., Salisbury, N, 

English, Joseph, Jr., Opr., Mun. 
Sew. Tr. Wks., 927 Ford St., 
Bridgeport, Montgomery Co., Pa. 
(Pa.) 

Enloe, V. P., Supt., Clayton Se 
Tr. Pit., Rt. 5; Box 363, Atlanta, 
Ga. (Ga.) 

Enslow, L. H., Ed., Water & Sew- 
age Works, 155 E. 44th St., New 
York, } (N.Y.; Dual—V Va.) 

Epler, J. E., “Supt., Sew. Tr. Plt. 
P. O. Box 724, Danville, Iii 
(Cen. St.) 

Erganian, George, State Dept. of 
Health, 1098 W. Mich. St., Indi- 


anapolis 7, Ind. (Cen. St.) 
Erickson, Carl V., 809 N. Ridgeland 
Ave., Oak Park, Ill. (Cen. St.) 
Erickson, Frederick K., Asst. Prof. 
Dept. of Civil Eng., State College 
of Wash., Pullman, Wash. (Pac. 
NW.) 


Erskine, H. M., 
Geol. Survey, 
Charleston, W. Va., (W. Va 

Erwin, R. Blake, Cons. Engr., 
71, Niagara Falls, Ontario, 
(Can.) 

Escritt, L. B., 68 Woodcrest Rd., 
Purley, Surrey, Eng. (ISP) 

Espinosa-Parga, Roberto, Civil Engr., 
Carrera 11 No. 65-54, Bogota, 
Colombia, S. A. (Fla.) 


Estabrook, Joseph B., Pres., Hitch- 


Dist. Engr., U. S. 
408 Union Bldg., 


Box 
Can. 


cock & Estabrook, Inc., 2409 
Third Ave., S., Minneapolis 15, 
Minn. (Cen. St. 

Esterline, Harry, Opr., Sew. Tr. 
Pit., 70 Xenia ODr., Fairfield, 
Ohio (Ohio) 

Estrada, Alfred A., Civil Engr., 
Albright & Friel, Inc., 7950 
Bayard St., Philadelphia 19, Pa. 
(Pa.) 


Ettinger, M. B., Chem., 
Third & Kilgour Sts., 
Ohio (Fed.) 


USPHS, E. 
Cincinnati, 


Eustance, Arthur W., Cons. Engr 
?. 0. a 175, Circleville, N. Y 
(N.Y 

Peng Harry W., Civil Engr., 
Eastman Kodak Co., 159 Rock 
Beach Rd., Rochester, N. Y. 
N.Y.) 

Evans, Byron B., Opr., Sew. Tr. 
Pit., Box 496, Pawling, N. Y. 
(N.Y.) 

Evans, David A., San. Disp. Engr., 
2 Box 858, Reading, Pa. 
(Pa.) 

| Evans, David C., San. Equip. & 
Chemicals, 933 McKnight St., 
wig 5 Pa. ad 

Evans, F. M., Boro. i an 
Bldg., ‘ian Rock, nm. 5. 

Evans, Leonard C., Sigg -. 
Cities-Service Incinerator Co., 
Waverly Hotel, Spadina Ave., 
Toronto, gy Can. (Can.) 

Evans, R. “e Te. Fit, 
=z." Made ie. St.) 

Evans, S. C., Opr., Sew. Wks., E. 
Hyde, Luton, Bedfordshire, Eng. 
(ISP) 

Evans, Sidney R., Megr., Cities- 
Service Incinerator Co., Waverly 





Hotel, Spadina Ave., Toronto, On- 
tario, Can. (Can.) 

Everest, Howard, 17 Prospect Ave., 
Gloversville, N. VY. GY. 





Evers 
Co. 
10, 

Evert 


(P; 
Ewba 





8 
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Everson, R. B., Pres., Everson Mfg. 
Co., 214 W. Huron = Chicago 
10, "Ill. (Assoc.; Cen. § St.) 


Everts, Curtis M., Jr., State San. 
Engr., State Bd. of Health, 
Behnke-Walker Bldg., S. W. 11th 


& Salmon Sts., Portland 5, Ore. 
(Pac. NW.) 

Ewbank, F. C., Supvr. of Stations, 
Mich. Milk Prod. Assn., Imlay 
City, Mich. (Mich.) 

Extrum, C. W., Opr., Sew. Tr. Pit., 
117 Second Ave., Keewatin, Minn. 
aay St.) 

Eyer, W., 
Kiondive Mont. 


City Engr., City Hall, 
(Mont.) 


Faber, Harry A., Research Chem., 
The Chlorine Inst., Inc., 50 E. 
4ist St., New York, N. Y. (N.Y 
Dual—Pa.) 

Faehrman, Elmer H., Supt., Sew. 
Tr. Plt., Hales Corners, Wis. 
(Cen. St.) 

Faget, Walter H., Asst. Chief Engr., 
San. Dist. of Chicago, Rm. 700, 
910 S. Mich. Ave., Chicago 5, 
Ill. (Cen. St.) 

Fah, C. T., c/o C. A. Choan, Min- 
istry Office, Singapore, Fed. Malay 
States (ISE-Eng. 

Fair, Gordon M., Dean., Grad. 
School of Eng., Harvard Univ., 


7 Scott St., Cambridge cs Mass. 
(N. Eng.; Dual—N.Y 
Falbey, John W., Box 85, Ormond 


Beach, Fla. (Fla.) 

Flaciani, Romeo A., Civil Engr., 
Albright & Friel, Inc., 316 E. 
Orchard St., Hammonton, N. J. 
(Pa.) 

Fales, Almon L., Cons. Engr., Met- 
calf & Eddy, 1300 Statler Bldg., 
Boston 16, Mass. (N. Eng.) 


Falk, Lloyd L., San. Chem., Agri- 
cultural Experiment Station, Dept. 
of San., New Brunswick, N. 
(N.J.) 

Fallon, Raymond D., Special Rep., 
Mueller Co., 601 Colo. Blvd., 
Denver, Colo. (Rocky Mtn.) 

Falls, O. M., Commr. of Wks., York 
Twp., 40 Jarvis St., Toronto 1, 
Ontario, Can. (Can.) 

Farmer, Ed., Black & Veatch, Cons. 
Engrs., 4706 Broadway, Kansas 
City 2, Mo. (Kan.) 

Farnsworth, G. L., Jr., Cons. Engr., 
314 Unity Bldg., Bloomington, III. 
(Cen. St.) 


‘arrant, James, Commr., Passaic 
Valley Sew. Comm., 443 E. 29th 
St., Paterson, N. J. (N.J.) 
Farrell, R. P., Chief San. Engr., 
Tenn. Dept. of Pub. Health, 420 
Sixth Ave., N., Nashville, Tenn. 
(Dual—Ky.-Tenn.) 

‘arrell, William F., Dist. Megr., 
Wallace & Tiernan Co., Inc., Box 


446, Buffalo 5, N. Y. (N.Y.) 
Fassnacht, George G., San. Engr., 
State Bd. of Health, 366 Good 


Ave., Indianapolis 1, Ind. (Cen. 


St.) 


‘aulkner, 
Ave., 

(Calif.) 
Faulkner, T. G., Esq., Engr. & 
Surveyor, R. D. C. Wallengford, 


41, Wantage Rd., Didcot, Berk- 
shire, Eng. (ISE) 


Fawcett, J. H., Town Clerk, Colling- 
wood, Ontario, Can. (Can.) 


James D., 10821 Rose 
Los Angeles 34, Calif. 





Fawls, J. F., Sales Mer., Wallace 
& Tiernan Co., Inc., 2132 Mapes 
Ave., New York 60, N. Y. (NY: 

Pa.) 

Federick, Joseph C., 
N. Y. State Dept. 
75 Euclid Ave., Albany 3, 
(N.Y.) 





Sr. San. Engr., 
of Pub. Wks., 
mY. 


Feild, James W., 3314 Alabama 
Ave., Alexandria, Va. (Md.-Del.) 
Feldhake, Clarence J., USPHS, 747 
N. Elizabeth St., Lima, Ohio 
(Fed.) 

Feltz, Fred C., Supt., Sew. Tr. Pit., 
6) 261, W. McHenry, Ill. (Cen. 
St. 

Fenchel, Randolph, Resident Opr., 
Sew. Disp. Plt., 146 Hitchcock 
Rd., Salinas, Calif. (Calif.) 

Fenger, J. W., Dist. Sales Mer., 
Mathieson Alkali Wks., 24 Idle- 
wood Pl., Hamburg, N. ye (N.Y.) 

Fenn, Ernest G., Fairfield State 
Hosp., Newtown, Conn. (N. Eng.) 

Fenton, John V., Cons. Engr., Pro- 
fessional Bldg., Lynbrook, N. Y. 
(N.Y.) 

Ferebee, James L., Chief Engr., 
Milwaukee Sew. Comm., P. O. 
Box 2079, Milwaukee 1, Wis. 
(Cen. St.) 

Ferguson, G. H., Chief Engr., Dept. 
Nat’l. Health & Welfare, The 
Library, 808 Jackson Bldg., Ot- 
tawa, Ontario, Can. (Can.) 

Ferguson, Gerald W., S. A. San. 
Engr. (R), USPHS, 19th & Con- 
stitution Ave., Washington 25, 
D. C. (Fed.) 

Ferguson, Marshall E., Int. San. 
Comm., 110 William  St., New 
York 7, N.. Xs 

Fernandez, Guillermo J., Civil Engr., 
713 Concordia St., Santurce, P. R 
(P.R.) 

Ferris, Frederick, Hydr. & San. 
Engr., 46 Chatham Rd., Short 
Hills, N. J. (Pa.) 

Ferris, ae a Electro Bleaching 
Gas Co., E. 42nd St., New 
York 17, N oY (N. Eng.; Dual— 
N.Y.) 


Ferris, S. G., Water Supvr., Calco 
Chem. Div., Amer. Cyanamid Co., 
317 Second St., Marietta, Ohio 
(W. Va.) 

ree. Supt. of Plts., 

210 ag ." “Albemarle, N. C. 
(N.C.) 

Fest, F. W., Memb., San. Bd., 508 
Court Ave., Weston, W. Va. (W. 
Va.) 


Fiechter, H. R., Ing., Weinbergstr. 
17, Aarau, Switz. (Switz.) 

Field, Emerson & Morgan, Inc., 
Flower Bldg., Watertown, N. Y. 


(OEY. 
Fieldhouse, George E., Asst. Engr., 
Albright & Friel, Inc., Suite 


816-22, 1528 Walnut St., Philadel- 


phia 2, Pa. (Pa.) 

Figeley, Paul, Supt., Sew. Tr. Plt., 
215 Third Ave., Rock Falls, Ill. 
(Cen. St.) 

Figg, Louis J., Jr., Supvr., Ind. 
Lab., Tenn. Eastman Corp., 1422 
Watauga St., Kingsport, Tenn. 
(Ky.-Tenn.) 

Filby, E. L., Prin. Asst., Black & 
Veatch, Cons. Engrs., 4706 Broad- 
way Blvd., Kansas City, Mo. 


(Mo.) 
Finch, J., Supt., Sew. Disp. Wks., 
Aldwarke, Parkgate, Rotherham, 


Yorkshire, Eng. (ISP) 
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Finders, H. J., City Clerk, Oelwein, 
Ia. (Ia.) 

Findlay, Arthur, Opr., Main Pump 
Station, Bird Island Sew. Tr. Plt., 
Buffalo, N. Y. (N.Y.) 

Finkbeiner, Carleton S., Cons. Engr., 
Finkbeiner, Pettis & Strout, 1010 
Home Bank Bldg., Toledo 4, Ohio 
(Ohio) 

Finney, J. Wiley, Jr., Prin. San. 
Engr., State Dept. of Health, 1015 
Douglas Ave., Nashville 4, Tenn. 
(Ky.-Tenn.) 

Firth, William J., Instituto. de 
Obras Sanitarias, Caracas, Vene- 
zuela, S. A. (N.Y.) 

Fischer, Anthony J., Develop. Engr., 
The Dorr Co., Inc., 570 Lexing- 
ton Ave., New York, N. Y. (N.Y.) 

Fischer, F. P., Dist. Mgr., Wallace 
& Tiernan Co., 811 Perry Payne 
Bldg., Cleveland 13, Ohio (Ohio) 

Fischer, Math., Supt., Sew. Tr. Plt., 
133 N. 7th Ave., W. Bend, Wis. 
(Cen. St. ) 

Fiscus, A. E., Chief Opr., Terminal 
Island Tr. Pilt., 1547 Ravenna 
Ave., Wilmington, Calif. (Calif.) 

Fish, Raymond S., Opr., Sew. Tr. 
Plt., Katherine Court No. 3, 825 
W. 1ith St., Medford, Ore. 
(Calif.) 

Fishbeck, Kenneth, San. Engr., 2117 
W. St. Joseph St., Lansing, Mich. 
(Mich.) 

"ishburn, Addison S., 
Albright & Friel, Inc., 
22, 1528 Walnut St., 
2, Fa. Cad 

Fisher, A., Supt., Sew. 


Eng. Insp., 
Suite 816- 
Philadelphia 


Disp. Wks., 


Greenfield, Nr. Oldham, Lanca- 
shire,. Eng. (ISP) 
Fisher, Lawrence, San. Eng. Dir., 


USPHS, 19th & Constitution Ave., 
Washington 25, D. C. (Fed 

Fitch, Henry M., Asst. Engr., Dept. 
of Pub. Wks., 6722 +21st Ave., 
& WW. Seattle 6, Wash. (Pac. 
NW.) 

Fitch, Reamy C., Sr. San. Engr., 
State Dept. of Health, P. O. Box 
1226, Phoenix, Ariz, (Ariz.) 

Fitzgerald, Edward P., Supt., Sew. 
Tr. Pit., 530 Broadway, Wisconsin 
Dells, Wis. (Cen. St.) 


Fitzgerald, J. A., Plt. Opr., P. O. 
Box 188, Hudson Falls, N. Y. 
N.Y.) 

Fitzgerald, Joseph, Supt., Sludge 


Disp., City Hall, 36 Court St., 
Springfield, Mass. (N. Eng.) 
Fitzgerald, R. W., Supt., Water 
Dept., City Hall, Norfolk, Va. 
Va.) 


Five, Helge, Park Engr., Long 
Island St. Park Comm., N. 
Ravine, Great Neck, N. Y. (N.Y.) 

Fiveash, Charles E., Supt. of Plts., 
P. O. Box 1113, Ft. Lauderdale, 
Fla. (Fla.) 

Flanagan, Pat, 
Fla. (Fla.) 

Flannery, Harold J., City Engr., 
City Hall, San Jose, Calif. (Calif.) 

Flatt, John W., 303 E. Church St., 
Americus, Ga. (Ga.) 

Flattery, M., Sr. San. Insp., Dept. 
of Health, 320 Sherbrook St., 
Winnipeg, Manitoba, Can. (Can.) 

Fleet, A., Sew. Wks., Sutton Rd., 
Market Harborough, Leicestershire, 
Eng. (ISP) 

Fleet, Gerald A., San. Engr., 28 
McBride Ave., White Plains, 
N: ¥. GUY) 


Box 445, Tampa 1, 
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Gillard, H. W., Rep., Infilco, Inc., 
325 


W. 25th Pl., Chicago, Ml. 
(Assoc.) 

Gillard, J. E., Supt., Sew. Wks., 

Heathcote, Warwick, Eng. (ISP) 


239 W. Wilson St., 
(Calif.) 


Gillespie, C. G., 
Banning Calif. 


Gillespie, Wylie W., Cons. Engr., 
Smith & Gillespie, Engrs., Box 
1048, Jacksonville, Fla. (Fla.) 

Gillett, S. Howard, Sec-Treas., Wind- 
sor Util. Comm., 607 "Canada 
Bidg., Windsor, Ontario, Can. 
(Can.) 

Gillis, Charles B., 2223 N. Com- 


monwealth Ave., 
Calif. (Calif.) 
Gilman, Floyd, Opr., 


Los Angeles 27, 


Sew. Tr. Plt., 


19 South Ave., Manchester, N. Y. 
(N.Y.) 
Gilman, N. A., Water Supt., City 


Hall, Yakima, Wash. (Pac. NW.) 

Girand, John, Cons. Engr., Johannes- 
sen & Girand, 410 First Nat’l. 
Bank Bldg., Wash. at Central, 
Phoenix, Ariz. (Ariz.) 

Girard, Francis R., Chem., Mass. 
State College, Fernald Hall, Am- 
herst, Mass. (N. Eng.) 

Girard, Peter F., Rm. 700, 910 S. 
Mich. Ave., Chicago 5, Ill. (Cen. 
St.) ; 

Gisborne, Frank R., Opr., Sew. Tr. 
Pit., Arcadia Rd., Old Greenwich, 
Conn. (N. Eng.) 

Gittins, John W., Asst. Engr., Pa. 
Dept. of Health, Kirby 
Center, Wilkes-Barre, Pa. (Pa.) 

Glace, Ivan M., Cons. Engr., Ivan 
M. Glace & Assocs., 22 S. 22nd St., 
Harrisburg, Pa. (Pa.; Dual— 
N.Y.) 

Glace, I. M., Jr., Prin. Asst. Engr., 
Ivan M. Glace & Assocs., 
Front St., Harrisburg, Pa. 

Gladding, Charles, Pres., 
Bros. Mfg. Co., 
Calif. (Calif.) 


Gladding 
Box 88, San Jose, 


Glass, Harry J., P. O. Box 1484 
Colorado Springs, Colo. (Rocky 
Mtn.) 

Glasser, Leo M., 144-21 75th Ave., 


Flushing, L. I., N. Y. (N.Y.) 

Glenn, H. S., Supt., Carnation Co., 
Clarksburg, W. Va. (W. Va.) 

Glines, Robert A., Danvers Water 

Sew. Bd., 17 Hobart St., 
Danvers, Mass. (N. Eng.) 

Gloppen, Robert C., San. Engr., 
1433 N. Dayton St., Chicago 22, 
Ill. (Ia.) 

Godshall, Horace E., Supt., Bldgs. 
& Grounds, Ursinus College, Col- 
legeville, Pa. (Pa.) 

Godwin, Wilson A., Maint. Engr., 
W. Va. Medium "Security Prison, 
Huttonsville, W. Va. (W. Va.) 


Goebelle, Norman J., City Engr., 
Galt, Ontario, Can. (Can.) 


Goeke, Roscoe H., Sr. Asst. San 
Engr., USPHS, 593 Swain, Elm- 
hurst,. Ill. (Fed.) 

Goff, James S., Util. Officer 
(Trainee), Vet. Admin. Hosp., 
Muskogee, Okla. (N. Eng.) 

Goff, William A., Cons. Engr 
Broad St., Station Bldg., 16th & 
Penn. Bivd., Suite 1411, Phila- 
delphia, Pa. (Pa.) 

Goggin, John P., Box 28, Clare, 
Mich. (Mich.) 


Gold, James E., Experimental Engr., 
Combustion Dept:, Bethlehem 
Steel Co., Bethlehem, Pa. (Pa.) 
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Goldsmith, Philip, 80 Livingston St., 
Brooklyn 2, N. Y. (N.Y.) 


Goldthorpe, H. H., Supt., Sew. Wks., 
“ange ‘eee Yorkshire, 
Eng. (ISP 


Goldthorpe, a C., 1517 Conn. 


Ave., N. W. W: ashington. D. C, | 


(Va.) 


Golly, M. R., Asst. 
Dept. of Pub. 


San. Engr., Ill. 
Health, Div. of 


San. Eng., Springfield, Ill. (Cen. 
St.) 

Gooch, E. W., City Engr., 210 
Lottie St., Bellingham, Wash. 
(Pac. NW.) 

Goode, N. J., Sr. San. Engr., Dept. 
Nat’l. Health & Welfare, P. O. 
Box 487, Regina, Saskatchewan, 
Can. (Can.) 


Goodfellow, J. W., Opr., Sew. Tr. 
Pit., P. O. Box 116, Ashland, 
m3 403;) 


Goodman, Arnold H., Supt., Sew. 


Tr. Pit., 363 Downing Rd., River- 
side, Ill. (Cen. St.) 
Goodnight, V. L., City  Engr., 
Corvallis, Ore. (Pac. NW.) 
Goodridge, Harry, City Engr., City 
Hall, Berkeley 4, Calif. .(Calif.) 


Goodwin, S. E., 
Chas. Warnock & Co., Ltd., 604 
Harbour Comm. Bldg., Toronto, 
Ontario, Can. (Can.) 


Gordon, Arthur, Engr., 303 W. 
Division St., Chicago 10, MIIl. 
(Cen. St.) 

Gordon, Charles W., Chief Engr., 
Drying & Incineration Dept., 


Combustion Eng. Co., Inc., Ray- 


mond Pulverizer Div., 1319 N. 
Branch St., Chicago 22, Ill. (Cen. 
St.) 

Gorman, A. E., Dir., Water Div., 


Office of War Util., 5420 Harwood 
Rd., Bethesda 14, Md. (Fed.) 


Gorman, Richard C. Jr., Dist. San. 


Engr., State Dept. of Health, 44 
Genesee St., Hornell, N. Y. 
(N.Y.) 

Gorman, William A., Pa. Dept. of 


Health, Harrisburg, Pa. (Pa.) 


Gotaas, Harold B., Prof., San. Eng., 
Univ. of Calif., Rm. 10 Eng 
Bldg., Berkeley 4, Calif. (Calif) 

Gothard, N. J., Asst. Chief Chem., 
Sinclair Refining Co., E. Chicago, 
Ind. (Cen. St.) 

R. F., 3845 


Goudey, Aloha St., Los 


Angeles 27, Calif. (Calif.) 
Gould, Richard H., Dept. of Pub. 
Wks., Rm. Bidg., 


1800, Mun 
New York, N. Y. (N.Y.) 
Grabbe, H. A., H. A. Grabbe Constr. 


Co., 500 Belle St., Alton, Ill. 
(Cen. St.) 
Grabbert, Gilsey R., Analyst, Nine 
Springs Tr. Wks., 2409 Norwood 
Pl., Madison 5, Wis. (Cen. St.) 
Graber, Ralph C., USPHS, Social 
Security Bldg., 4th & — 
ence, Washington, D. C. (Fed.) 
Graemiger, Joseph A., 7 Earl St., 
W. Warwick, R. I., (N. Eng.) 
Graf, Walter, City Engr., Lancaster, 


Ohio (Ohio) 


E. H., 4942 Rangeview 
Los Angeles 42, Calif. 


Graham, 


Ave., 
(Calif.) 


Graham, Edward J., Opr., Sew. Tr. 
Pit., 1810 Third Ave., Watervliet, 
N. Y. (N.Y.) 

Graham, J. A., Sew. Wks., Naburn, 


York, Eng. (ISP) 


Ontario Dist. Megr., | 
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Graham, James E., Supt., Sew. Tr. 
Pit., Berrien Springs, Mich, 
(Mich.) 

Graham, Maynard, Water & Sew. 
Supt., 601 W. Third St., Love- 
land, Colo. (Rocky Mtn.) 

Graham, William, Foreman, Waste 


Richfield Oil Co., 
Watson Refinery, P. ©. Box 787. 
Wilmington, Calif. (Calif.) 
Gran, Dr.. John E., Prof. of Chem., 
Univ. of Ala., c/o School of 
Chem., University, Ala. (Ga.) 

Granger, Dale W., San. Engr., 430 


Water Disp., 


Howe Ave., Lansing 6, Mich. 
(Mich.) 
Granger, George M., Deputy Supt. 


of Sewers, City Hall, 36 Court St., 
Springfield, Mass. (N. Eng.) 


Grant, Howard L., Vice-Pres., 
M. T. Garrett Eng. Co., 1806 
Milam St., Houston 3, Tex. (Tex.) 


Grantham, G. R., Univ. of Fila., 
Dept. of Civil Eng., Gainesville, 
Fla. (Cen. St.) 

Graul, Leroy, H., Opr., Sew. Tr 
Pit., 4310 Bintece Ave., Wild- 
wood, N. J. 

Graves, Quintin ee ie San. Eng., 
Okla. A. & M. College, Dept. of 


Civil Eng., Stillwater, Okla. 
(Okla.) 
Graves, Wallace M., Engr., C. J. 


Kupper, Cons. Engr., 452 Pros- 


pect Ave., New Market, N. J. 
(N.J.) 

Graves, Walter C., 215 Geil Ave., 
Salinas, Calif. (Calif.) 

Gray, Earl G., Opr., Wayne Co., 
Rd. Comm., 1210 S. Harvey St., 


Plymouth, Mich. (Mich.) 


Gray, Harold F., San. & Hydr, 
Engr., 2540 Benvenue_ Ave., 
Berkeley 4, Calif. omg 

Gray, William, San. Insp., . of 


Health, Keele & Elora Ra To 
ronto, Ontario, Can. (Can.) 
Grebe, Karl A., Plt. Engr., Lehigh 
Structural Steel Co., Foot of Allen 
St., Allentown, Pa. (Pa.) 
Greeley, Richard F., Inst. of In- 
teramer. Affairs, Apartado 23 Bix, 
Mexico D. F., Mex. (N. Eng.) 
Greeley, Samuel A., Cons. Engr., 
Greeley & Hansen, 220 S. State 
St., Chicago 4, Ill. (Cen. St.) 
Green, Carl E., Cons. Engr., Cun- 
ningham & Assoc., 1112 Spaulding 
Bldg., Portland, Ore. (Pac. NW.) 
Green, Howard R., Cons. Engr., 
H. R. Green Eng. Co., 208-210 
Bever Bldg., Cedar Rapids, Ia. 
(Ia.) 
Green, Richard S., San. Engr., 
USPHS, 19th & Constitution Ave., 
Washington 25, D. C. (Fed.) 


Green, Roy F., Opr., Sew. Tr. Pit., 
724 Tenth St., Bemidji, Minn. 
(Cen. St.) 

Green, Stewart G., 
Ave., Portland, Ore. 


Green, Thomas C., Supt., 


4051 N. E. 23rd 
(Pac. NW.) 


Water & 


Sew. Tr. Pit., Box 1160, Austin, 
Tex. (Tex.) 

Green, Wallace, Supt., Sew. Tr. Pit., 
Gresham, Ore. (Pac. NW.) 


Wingate, San. Engr., Post 


Green, 
Elgin Field, Fla 


Engrs. Office, 
(Fla.) 

Greenwald, Paul B., Vice-Pres. & 
Gen. Supt., Carpenter Steel Co., 
Reading, Pa. (Pa.) 


Greenberg, R. J., City Megr., 
Mich. (Mich.) 


Sturgis, 
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Greene, R. A., Chem., Sew. Tr. 
Pit., 511 N. Elm St., Jackson, 
Mich. (Mich.) 


Greenfield, H. C., San. Engr., State 
Dept. of Health, 233 Maple Ave., 
Trenton 8, N. J. (N.J.) 


Greenleaf, John W., Jr., S. 
Oakland Ave., Villa Bark” Ill. 
(N. Eng.) 

Greenwood, W., Town Engr., Vic- 
toria Bldg., Brockville, Ontario, 
Can. (Can.) 

Gregory San. & Mun. Ref. Library, 
John H., Rm. 229, City Hail, 


Columbus 15, Ohio (Calif.) 
Gregory, Ted R., Chief Engr., Flo- 
tation Systems, 1112 Wellington 
Ave., Pasadena 2, Calif. (Calif.) 
Gregory, Tom, Sew. Wks. Opr., City 
Hall, Salem, Ill. (Cen. St.) 
Greiff, Victor C., Elec. Engr., N. Y. 
City Dept. of Pub. Wks., 159 
Beach 142nd we Neponsit, L. L., 
BM. .: Coe) 
Greig, John M. M., 
624 Madison Ave., 
N.Y; GW.Y.) 
Grelick, David, Mech. Engr., Dept. 
of Pub. Wks., 100 Van Cortlandt 
Pk., S., New York, N. Y. (N.Y.) 
Griffin, A. E., San Engr., Wallace 
Tiernan, Inc., Sunset Rd., 
Pompton ~~ N. J. (N.J.) 
Griffin, D. Dist. Engr., State 
Dept. of P tealth 498 Forrest 
ve., Mansfield, Ohio (Ohio) 
Griffin, DeWitt C., Cons. Engr., 
DeWitt C. Griffin & Assocs., 717 
Lloyd Bldg., Seattle 1, Wash. 
(Pac. NW.) 

Griffin, Guy E., 13 Osee 
Cob, Conn. (N. Eng.) 
Griffith, J. L., Chief San. 
Court House, Woodstock, 


Cons. Engr., 
New York 22, 


Pl., Cos 


Insp., 
Ontario, 


Can. (Can.) 
Grimes, Ben L., Jr., Dist. Engr., 
City Water Dept., 4109 San 
Carlos Dr., Dallas 5, Tex. (Tex.) 
Grimmer, A. K., Town Dept. Engr., 
Canadian Internat’l. Paper Co., 
Temiskaming, Quebec, Can. (Can.) 
Grimsley, J. T., USPHS, 1932 E. 
Liberty, Savannah, Ga. (Fed.) 
Grinnell Co., Inc., Att: V. E. 
Fuller, Branch Mer., P. O. Box 
2727, Charlotte, N. C. (N.C.) 
Grinnell, Russell, Supt., Sew. Tr. 
Pit., 1450 Cedar Dr., Birming- 


ham, Mich. (Mich.) 
Grippi, Vincent, Engr., 
royd, Cons. Engrs., 


Keis & Hol- 
c/o Crosby, 


126 Fourth St., Troy, N. Y. 
(N.Y.) 

Griswold, H. S., San. Engr., Ind. 
State Bd. of Health, 400% E. 
Van Trees St., Washington, Ind. 
(Cen. St.) 

Groen, Michael A., Supt., Sew. Tr. 


Plt., 2701 Greenfield Rd., Dear- 
born, Mich. (Mich.) 

Groff, Gilbert, Asst. Dir., Div. of 
San. Eng., State Dept. of Health, 
Bismarck, N. Dak. (N. Dak.) 

Gronberg, W. E., 721 E. Fellows 
St., Dixon, Ill. (Cen. St.) 

Gross, Carl D., Prin. San. Engr., 
State Dept. of Pub. Health, 
Springfield, Ill. (Cen. St.) 

Gross, Charles E., Director of Lab. 
Research, Iowa Ave. & Hayne 
St., Ottumwa, Ia. (Ia.) 

Gross, Dwight D., Chief Engr., Bd. 
of Water Comm., City Co. 
Bldg., Denver, Colo. (Rocky 


Mtn.) 








Gross, Fred W., Jr., Opr., Sew. Tr. 
Fit.; 235 2 ‘Broadway, N. Tarry- 
town, N. Y. (N.Y.) 

Grossart, L. J. H., Cons. Engr., 
816 Chew St., Allentown, Pa. 
(Pa) 

Grosshans, Edward W., 1011 Water 
St., Baraboo, Wis. (Cen. St.) 

Grover, Forest E., City Engr., 167 
Linden Ave., Council Bluffs, Ia. 
(Ta.) 

Grover, Robert H., Pit. Opr., 18 


Princeton St., Williston Park, L. I., 
i. Xe. Aes) 


Groves, J. N., Supt., Water Wks., 
Canton, Ga. (Ga.) 

Growdon, H. C., Supt. of Water, 
2804 Sherman Rd., Portsmouth, 


Ohio (Ohio) 

— Service & Supply Co., 
E. McKinley, Phoenix, 
(Ariz.) 

Grube, Karl W., Supt. of Eng. & 
Maint., Superior Steel Corp., Car- 
negie, Pa. (Pa.) 

Gruber, C. R., Chem., Sew. Tr. Plt., 
Galion, Ohio (Ohio) 

Gruendler, Wm. P., 
Gruendler Crusher & 
Co., 2915 N. Market 
Louis, Mo. (Assoc.) 

Gruss, A. W., Agent, The Amer. 
Brass Co., 235 Montgomery St., 
San Francisco, Calif. (Calif.) 

Gruss, John G., Civil Engr., Al- 
bright & Friel, Inc., 4638 N. 13th 
St., Philadelphia 40, Pa. (Pa.) 

Guernsey & Co., C. H., 1414-B N. 
Robinson, Oklahoma City 3, Okla. 
(Okla.) 


24 
Ariz., 


Sec.-Treas., 
Pulverizer 
m, RR 
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Guillermety, Manuel, P. O. Box 
3803, Santurce, P. R. (P.R.) 
Guinn, Frank, Attendant, Sew. Tr. 
Pit., 79 Arlington, Dayton, Ohio 

(Ohio) 

Gulden, Horace’ B., Professional | 
Engr., 30 W. South St., Carlisle, 
Pa. (Pa.) 

Gunderson, Walter K., Rt. Box 
149, Saugus, Calif. ‘(Calif.) 

Gunther, G. A., Dist. Megr., Chain 
Belt Co., 20 N. Wacker Dr., Chi- 
cago 6, Ill. (Cen. St.) 


C. Fred, Chem. Engr., 72 
Hamden 14, Conn. (N. 


Gurnham, 
Lake St., 
Eng.) 

Gurton, William S., Managing Dir., 
Dominion Truck Equip. Co., 
Ltd., 60 Ottawa St., Kitchener, 
Ontario, Can. (Can.) 

Guthrie, a af Attendant, Sew. Tr. 
Pit., R. R. 1, Spring Valley, Ohio 
(Ohio) 

Guy, L. E., Supt., Sew. Tr. Pit., 
207. N. Lisborn St., Carrollton, 
Ohio (Ohio) 

Gyatt, W. P., Supt., Bur. 
Tr., 169 Milnor Ave., 
N.. ¥.. (Nes) 


of Sew. 
Syracuse, 


c/o Wal- 
Mgr., 


Haag, Gerald, Plt. Opr., 
ter E. Kroening, Village 
Greendale, Wis. (Cen. St.) 

Habermehl, C. Austin, Supvr., 
Chem., Sew. Tr. Pit., 9300 W. 
Jefferson Ave., Detroit 17, Mich. 


(Mich.) 

Hackett, Peter, Opr., Sew. Tr. Plt., 
20 Willow Ave., S. Nyack, N. Y. 
(N.Y.) 

Hackler, J. S 
ville, Va. “a la. 

Haddock, Fred R., 
Roberts Filter Mfg. 
Fa. (26.) 


City Supt., Martins- 


Chief Engr., 
Co., Darby, 


| 





405 


Hadley, Henry, City Engr., City 
Hall, Verdun, Quebec, Can. (Can.) 

Haemmerlein, Victor E., Village 
Hall, E. Aurora, N. Y. (N.Y.) 

Hager, Everett G., Bur. of Eng., 


Sewer Des., 7900 Airlane Ave., 
Los Angeles 45, Calif. (Calif.) 
Hager, Fred, Opr., Sew. Tr. Pit., 
123 North Ave., Barrington, III. 

(Cen. St.) 


Hagar, Major C., Supt., Mun. Wa- 


ter Dept., City Bldg., Lawrence, 
Kan. (Kan.) 

Hagerty, L. T., Assoc. San. Engr., 
Blue Grass Depot, Boone St., 
Berea, Ky. (Ohio) 

Hagey, C. R., Professional Engr., 
Box 134, Ft. Erie, Ontario, Can. 
(Can.) 

Haimes, James, City Engr., City 
Hall, Lethbridge, Alberta, Can. 
(Can.) 

Haiss, Carl E., San. Engr., State 
Dept. of Pub. Wks., 165 Second 
St., Troy, N. Y¥. OFY) 

Hakim, Bahij Al, Grad. Stud., 
Univ. of Minn., 123 Main Eng. 
Bldg., Minneapolis 14, Minn. 
(Cen. St.) 

Hale, Arnold H., Box 96, Rockledge, 
Fla. (N.Y.) 

Hale, Harrison, Prof. of Chem., 
Univ. of Ark., 118 Chem. Bldg., 
Fayetteville, Ark. (Ark.) 

Hale, Harry C., Supt., Sew. Wks., 
Lamar, Mo. (Mo.) 

Hale, J. Elliott, Tech. Sec., State 
San. Water Bd., Augusta, Maine 
(N. Eng.) 

Haley, F. A., Cons. Engr., Haley 
& Ward, 1120 Tremont Blidg., 
Boston 8, Mass. (N. Eng.) 

Halff, Albert H., Jr. Asst. in San. 
Eng., Johns Hopkins Univ., 216 
Latrobe Hall, Baltimore 18, Md. 
(Tex.) 

Hall, Frank H., Plt. Opr., 181 
Elderberry Rd., Mineola, N. Y. 
(N.Y.) 

Hall, G. D., Owner, G. D. Hall & 


Assoc., 416 A. E. Larson Bldg., 
Yakima, Wash. (Pac. NW.) 


Hall, George A., Asst. Engr., State 


Dept. of Health, 302 State Depts. 
Bldg., Columbus 15, Ohio (Ohio; 
Dual—Pa.) 

Hall, George L., Asst. Supt., 
Bloomington-Normal San. Dist., 
R. R. 3, Bloomington, Ill. (Cen. 
St.) 

Hall, Harry R., Chief Engr., Wash. 
Suburban San. Dist., Hyattsville, 
Md. (Md.-Del.) 

Hall, John W., Civil Engr., Ft. 
Shaw, Mont. (Mont.) 

Hall, S. P., Cons. Engr., 128 Gra- 
ham Ave., Eau Claire, Wis. (Cen. 
St.) 

Hall, W. H., Dean of Eng., Duke 
Univ., College Station, Durham, 
N. ¢. GEC) 

Hall, Walter C., Supt., Sew. Tr. 
Pit., 718 E. Ft. Lowell Rd., 
Tucson, Ariz. (Ariz.) 


Hallgren, E. N., E. N. Hallgren Co., 
1252 First Ave., S., Seattle, Wash. 


(Pac. NW.) 
Halpin, John, 18 Park Ave., Port 
Washington, N. Y. (N.Y.) 
Halvorson, H. O., Prof. of Bact., 


Univ. of Minn., 215 Millard _ 
Minneapolis 14, Minn. (Cen. St.) 

Hambleton, F. T., Opr., Outfall 
Wks., Prestbury, Nr. Macclesfield, 
Cheshire, Eng. (ISP) 
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Hamblin, Clifford W., Supt., 
& Sew., 19 S. Del. Ave., Mason. 
City, Ia. (Ta.) 


ae. James H., Cons. Engr., 
x Box 448, Fayetteville, W. 
Va. Ow Va.) 

Hamilton, G. M., Des. Engr., 
Engrs. Office, 1050 Main St., W., 
Hamilton, Ontario, Can. (Can.) 

Hamilton, H. L., Town Foreman, 
Amherstburg, Ontario, Can. (Can.) 

Hamilton, L. A., 5445 Xerxes Ave., 
S., Minneapolis 10, Minn. (Cen. 
St.) 

Hamilton, R. F., 423 E. Center St., 
Pocatello, Idaho (Pac. NW.) 
Hamilton, Robert C., City Chem.- 
Supt., Water & Sew. Wks., 316 
N. Mulberry, Elizabethtown, Ky. 

(Ky.-Tenn. & Cen. St.) 

Hamm, William C., 9 Locust i 
Port Washington, N.-Y. (N.Y 

Hammann, Charles G., Div. of a 
Eng., Dept. of Health, State Of- 
fice Bldg., Providence, R. I. (N. 
Eng.) 

Hamme, Donald G., 
Nat’l. Gypsum Co., 
ter, N. Y. (Pa.) 

Hammer, Vernon B., S._A. San. 
Engr. (R.), 4915 N. E. Glisan 
St., Portland, Ore. (Ia.) 

Hammerton, C., 101 Whitmore Rd., 
W. Harrow, Middlesex, Eng. (ISP) 

Hammond Bd. of San. Commrs., 
Att: C. B. Carpenter, Supt., 5135 

Hammond, Ind. 


Sales 
Clarence Cen- 


Columbia Ave., 
(Corp., Cen. St.) 


Hammond, -Harry P., Dean School 


of Eng., Pa. State College, State 
College, Pa. (Pa.) 
Hammond, Robert H., 5423% Carl- 


ton Way, Los Angeles 27, Calif. 
(Calif.) 

Hammond, Vergil, Opr., Sew. Pit., 
Fennimore, Wis. (Cen. St.) 

Hampton, Quentin L., 424 Hancock 
Ave., Vandergrift, Pa. (Pa.) 


Hanes, Gilbert C., San Engr., 1212 
24th Ave., San Francisco, Calif. 
(Calif.) 


Hanes, J. C., Engr., 
son, Peoples Nat’l 
Lynchburg, Va. (Va.) 

Haney, Paul D., Assoc. 


Bank Bldg., 


Prof., San. 


City | 
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Water | Hansford, A. E., Chief Opr., Sew. 


Disp. Pit., 70 Argyle St., Strat- 
ford, Ontario, Can. (Can.) 
Hanson, George I., Opr., 
Pit., Boston Post Rd., 
Mass. (N. Eng.) 
Hanson, Harry G., P. A. San. Engr. 
(R), U 


Sew. oY, 
Marlboro, 


SPHS, Office of the Sur- | 


geon General, Washington 25, 
D. C. (N. Dak.) 

Hanson, John R., 62 Montgomery 
Ave., Bay Shore, N. Y. (N.Y.) 
Hanson, Ray, Supt., Water Dept., 

Union Grove, Wis. (Cen. a 

| Hapgood, E. P., City Engr., ity 
Hall, Anaheim, Calif. Meat 

Hardcastle, R. C., Cons. Engr., 
R. C. Hardcastle Co., 2752 N. W. 
20th St., Oklahoma City, Okla. 
(Okla.) 

Hardenbergh, W. A., Ed., Public 
Works, 310 E. 45th St., New 
York, N. Y. (N.Y.) 

Hardenburgh, E. A., Supt., Sew 
Disp. Pit., 635 Adelia St., El 
Monte, Calif. (Calif.) 

Harding, James C., Commr., Dept. 


Engr., | 


of Pub. Wks., Co. 
White Plains, N. Y. 
Harding, Robert G., 
414 Utah Savings 
Salt Lake City 1, 
NW.; Dual—Calif.) 
Hardy, William G., Opr., Bur. of 
Sewers, 20 EE. Worcester St., 
Worcester, Mass. (N. Eng.) 

Hardy, C. Asa, Opr., Sew. Tr. Plt., 


Office Bldg., 
(N.Y.) 
Cons. 


& Trust Bldg., 
Utah (Pac. 


115 N. 14th St., Olean, N. Y. 
(N.Y.) 

Hargleroad, J. C., Student, Purdue 
Univ., Civil Eng. Bldg., W. Lafa- 
yette, Ind. (Cen. St.) 

Hargraves, Z. D., Opr., Oakland Co. 
T. B.  San., Pontiac, Mich 
(Mich.) 

Harker, Clarence W., Town Clerk, 
Early, Ia. (Ia.) 

| Harlamert, P. A., Dist. Mgr., Johns- 


Wiley & Wil- | 


Eng., Univ. of N. C., School of 
Pub. Health, P. O. Box 899, | 
Chapel Hill, N. C. (Kan.) 

Hankin & Co., Ltd., Francis, 2028 | 
Union Ave., Montreal, Quebec, 
Can. (Can.) 

Hanlon, D. A., Supt., Pub. Wks., 


824 Newark St., 

Fla. (Fla.) 
Hanlon, Joseph B., 23 Hatherly Rd., 

Wollaston 70, Mass. (N. Eng.) 


W. Palm Beach, | 


| Harris, 


Hanna, George P., Jr., San. Engr., | 
Holmes, O’Brien & Gere, Cons. 
Engrs., 140 Kappesser St., Syra- 
cuse 8, N. Y. ree ) 

Hansell, William A., Jr., Co. San. 
Engr., Spalding Co. Court House, 
Griffin, Ga. (Ga.) 

Hansen, Alfred E., Cons. Engr., | 
Mich, Theatre Bldg., Muskegon, 
Mich. (Mich.) 

Hansen, a. Alisal San. Dist., 
P. O. Box 87, E. Salinas, Salinas, 


Calif. (Calif.) 


Hansen, Chris A., Asst. San. Engr. 


R), USPHS, 605 Volunteer 
Bldg., Atlanta 3, Ga. (Fed.) 
Hansen, Herbert W., Supt., Sew. Tr. 


Pit., 752 E. Highland ’Ave., Ra- 
venna, Ohio (Ohio) 


| 


Mansville, 1530 Guild Hall Bidg., 
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| Harris, Stanford, Supt., Water Dept., 
(N.C.) 


Lenoir, N. rea 
Harris, T. R., Pres., Eng. Service 
Corp., Rm. 106, Decatur Club 


Bldg., Decatur, Ill. (Cen. St.) 
Harris, Thomas, Opr., Sew. Tr. Pit., 
| 34-56 92nd St., Jackson Heights, 

i; Xs MeNee 
Harrison, Cecil, 

Okla. (Okla.) 
Harrison, John B., 505 Central Ave., 

N. Palo Alto, Calif. (Calif.) 
Harrison, Louis B., Supt., Water 

Wks., City Hall, Bay City, Mich. 


Water Supt., Enid, 





Engr., | 


(Mich.) 

Harrison, Robert L., Maint. Man, 
Sew. Tr. Pit., 5516 308th St., 
Toledo 11, Ohio (Ohio) 

Harrison, W. Maurice, Chem., P. W 
Dept., NAS, 1410 W. Gregory St., 
Pensacola, Fla. (Fla.) 

Hart, S. -J., Opr.,. Sew. Tr. Pit., 
Perry, Mo. (Mo.) 

Hart, W. B., Supt., Gas, Acid & 
Drainage Dept., Atlantic Refining 
Co., 3144 Passyunk Ave., Phila- 
delphia, Pa. (Pa.) 

Harte, John J., Pres., John J. Harte 
Eng. Co., Forsyth Bldg., Atlanta, 
Ga. (Ga.) 

Hartley, John J., Opr., Sew. Tr 
Pit., Boston Post Rd., Marl- 
borough, Mass. (N. Eng.) 

Hartley, John R., Asst. Sales Mer., 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. (N. 


Eng.) 

Hartley, William L., Rep., Link- 
Belt Co., 2045 W. Hunting Park 
Ave., Philadelphia, Pa. (Assoc.) 

Hartman, B. J., Cons. Engr., 608 N. 
8th St., Sheboygan, Wis. (Cen. 
t.) 

Hartman, Edwin H., 512 Wakefield, 
Ingleside, Norfolk, Va. (Va.) 
Hartmann, Eric P., Sales Engr., 
Inertol Co., Inc., 470 Frelinghuy- 
sen Ave., Newark, N. J. (N.J.) 
| Hartung, N. E., Opr., Sew. Tr. Plt., 
627 Seminary St., Richland Cen 

ter, Wis. (Cen. St.) 

Harvey, Carl, Supt., Sew. Tr. Pit., 
4819 St. Paul Blvd., Rochester, 
N. Y. (N.Y.) 


Cleveland, Ohio (Ohio) 

Harley, Frank E., Civil Engr., | 
Radburn Trust Co. Bldg., P. O. | 
Box 244, Fair Lawn, N. J. (N.J.) 

Harmeson, Donald K., San. Engr., 
Portland Cement Assn., 50 Supe- 
rior St., Oak Park, Ill. (Cen. St.) 

Harmon, Jacob A., Cons. Engr., 
Jacob A. Harmon, Inc., 144 
Fredonia Ave., Peoria 5, _ Ii. 
(Cen. St.) 


Harmon, Judson A., San. Engr., 
State Dept. of Health, 703 Calif. 
State Bldg., Los Angeles 12, 
Calif. (Calif.) 


Harper, .favis . Opr., 
Pit., P. O. 


Box 106, 
Calif. (Calif.) 

Harr, Neal, City Engr., 
Kan. (Kan.) 

Harrington, J. B., Dir., Div. of San. 
Eng., State Dept. of Hezith, 
Charleston 5, W. Va. (W. Va.) 

Harris, Ingle R., 210 W. Gimber St., 
Indianapolis, Ind. (Cen. St.) 

J. F., Stroudsburg Septic 
Tank Co., 312 Main St., Strouds- 
burg, Pa. (Pa.) 

Harris, Robert R., Asst. San. Engr., 
State Dept. of Health, 620 S. 
Third St., Louisville 2, Ky. (Ky.- 
Tenn.) 

Harris, Roy M., Chief San. 
Creole Petroleum Corp., Medical 
Dept., Apartado 889, Caracas, 
Venezuela, S. A. (Pac. NW.) 


Sew. Tr. 
Lompoc, 


McPherson, 


Engr., 








Harvey, Chester, Stream Insp., Mich. 
Stream Control Comm., P. O. Box 
87, Lansing 1, Mich. (Mich.) 

Harvey, J. B., 1 Motney Hill, Rain- 
ham, Kent., Eng. (ISP) 


Harvey, J. R., Asst. Engr., State 
Dept. of Health, 412 City Center 
Bldg., Philadelphia, Pa. (Pa.) 


Harvey, L. R., Salesman, Johns 
Manville Co., 448 W. 24th Ave., 
Spokane 9, Wash. (Pac. NW.) 


Harvill, Henry J., 321 S. 16th St., 
Edinburg, Tex. (Tex.) 


Harwell, G. A., Laclede Co. Health 
DVept., Lebanon, Mo. (Mo.) 


Haseltine, T. R., San. Engr., The 
Chester Engrs., R. D. 2, Box 
103A, Dorseyville Rd., Sharpeburs, 
Pittsburgh, 15, Pa. (Pa.; Dual— 
Calif. 

Hasenpflug, George, Supt. of Sewers, 
Box 128 Geneva, Ohio (Ohio) 

Hasfurther, William A., Prin. San. 
Engr., State Dept. of ‘Pub. Health, 
Div. of San. Eng., Springfield, Ill. 
(Cen. St.) 

Haskins, Charles A., Cons. Engr., 
Finance Bldg., Kansas City, Mo. 
(Mo.) 
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Vol. 


R. N., Jr., Plt. Opr., Clay- 


Haslett, : 
72 Lake View Dr., 


ton Disp. Plt., 
N. E., Atlanta 3, Ga. (Ga.) 

Hastie, James, Cons. Engr., 236 E. 
Shore Rd., Great Neck, L. L., 
N. Y. (N.Y.) 

Hastings, W. 
Sewer Dept. 
fis, N.Y: f 

Hatch, B. F., Civil & San. Engr., 
Burgess & Niple, 568 E. Broad 
St., Columbus 15, Ohio (Ohio) 

Hatfield, J. L., Supt. of Streets & 
Sewers, Bremerton, Wash, (Pac. 
NW 

Hatfield, Dr. 
San Dist., 249 Linden 
catur 45, Ill. (Cen. St.) 

Hauck, Charles F., Chem. 
Hall Labs., Inc., 1179 
Blvd., Pitts burgh, 16, Pa. 
Dual—P a.) 

Hauck, G. W., Mger., 
Section, Crane Co., 
gan Ave., Chicago 5, IIl. 

Hauer, Gerald E., American Well 
Wks., Process Eng. Div., 1516 

Ave., Berkeley, Ill. (Mich.) 

James L., Supt. of Streets & 

City Hall, Shelby, Ohio 


Water & 
Mor- 


E., Supt., 
, Village of Mt. 
N.Y.) 


Decatur 
De- 


W. D., Supt., 


Ave., 


Engr., 
Cedar 
(Ohio; 


Sales 
Michi- 
(Assoc. ) 


Eng. 
836 S. 


53rd 
Haun, 
Sewers, 
Ohio) 
Havens, 
& Emerson, 
Leader Bldg., 
(Ohio) 
Hawkins, J., Sew. 
Green, Malvern, 
Eng. (ISP) 
Haworth, W. D., 


Havens 
1140 
Ohio 


William L., Partner, 
Cons. Engrs., 
Cleveland 14, 


Wks., Bernard’s 
Worcestershire, 


Civil Engr., W. D. 


Haworth & Son, St. Stephens 
House, Westminster, S. W. 1, 
Eng. (ISE) 

Hawthorne, LeRoy, Opr.-Engr., U.S, 
Discip. Barrac ks, R BoB: 
Poughquag, N. Y. (N.Y.) 

Hey, T. T., Supt. Sew. Te. Pit: 
21st St. & Grand Ave., Racine, 
Wis. (Cen. St.) 

Hayden, John L., Cons. Engr., 662 
Park Sq. Bldg., Boston 16, Mass. 
(N. Eng.) } 

Haydock, Charles, Cons. Engr., 311 
Commercial Trust Bldg., Philadel- 
phia 2, Pa. (Pa.) 

Hayes, E., Sew Wks., Denton, Nr. 
Manchester, Eng. (ISP) 

Hayob, Henry, Jr., Supt., Water 
Distribution System & Sew. Pit., 
Marshall Mun. Util., Marshall, 
Mo. (Mo.) 

Hays, Clyde S., Pres., Hays Process 
Co., P. O. Box 768, Waco, Tex. 
(Tex.) 

Hayward, Harold, San. & Hydr. De- 
signer, 36-33 24th St., Astoria, 
Long Island City, N. Y. (N.Y.) 

Hayward, Homer J., 530 W. First 
St., Delphos, Ohio (Mich.) 

Haywood, R. W., Jr., Asst. San. 
‘ngr., Amer. Viscose Corp., 35 S. 
9th St., Philadelphia 7, Pa. (Pa.) 

Hazen, John B., Supt., Butte Water 
Co., Butte, Mont. (Mont.) 

Hazen, Richard, Partner, Malcolm 
Pirnie, Engrs., 25 W. 43rd St., 
New York 18, N. Y. (N.Y.) 

Hazey, George, Dept. of Mun. Serv- 
ice, 2555 Van Alstyne  Bilvd., 
Wyandotte, Mich. (Mich.) 

Hearsmann, William P., 3rd, Rep., 
General Elec. Co., 1405 Locust 
St., Philadelphia 2, Pa. (Pa.) 


Heath, J. Ray, Engr., General Eng. 
Co., 725 Central Bldg., Seattle 4 
Wash. (Pac. NW.) 








Heckman, M., Layne-Western 
Co., to10" ‘W. 39th St., Kansas 
City 2, Mo. (Kan.) 

Hedenstad, Paul C., Supt., Sew Tr. 
Fit., <. Worcester St., Wor- 
cester, Mass. (N. Eng.) 

Hedgepeth, L. L., Exec. Sec., Va. 


Water Control Bd., 815 E. Frank- 


lin St., Richmond 19, Va. (Pa.; 
Dual—Va.) 

Heffelfinger, D. D., Supt., Water & 
Sew. Tr. Pit., 1011 N. Walnut 
Ave., Alliance, Ohio (Ohio) 

Heider, Robert W., Asst. Dir., Bur. 
of San. Eng., State Dept. of 
Health, 1098 W. Mich. St., Indi- 
anapolis 7, Ind. (Cen. St.) 

Heim, Mitzi S., Chem., Sew. Tr. 
Pit., 1212 Superior St., Racine, 
Wis. (Cen. St.) 

Heinrikson, J. J., Cons. Engr., 3707 
Madison, Kansas City 2, Mo. 
(Kan.) 


—_ J. Ralph, Chief Eng., 
Eng. Co., 441 N Second St.. 
Reading, Pa. (Pa) 
Heisig, H. M., Research 
Milwaukee Sew. Dist., 
Milwaukee 1, Wis. (Cen. St.) 
Heiskell, T. W., Chief Chem., Pitts- 
burgh Plate Glass Co., New Mar 
tinsville W. Va. (W. Va.) 
Heiss, Edward A., Pac. NW 
Megr., Wallace & Tiernan 
Corp., 917 Terminal Sales 
Seattle, Wash. (Pac. NW.) 
Heister, R. M., Asst. Engr., Pa. 
Dept. of Health, 
Hummerstown, Pa. 
Helgeson, Andrew A., 
State Tuberculosis 
Sanator, S. Dak. (S. 
Helland, H. R. F., Cons. 
Frost Nat’l. Bank Bldg., 
Antonio 5, Tex. (Tex.) 
Heller, Austin N., Research Assoc., 
College of Eng., San. Lab., 
York Univ., University Heights, 
New York 53, N. Y. (N.Y.) 
Heller, C. F., Sec., Stroudsburg 
Septic Tank Co., 312 Main St., 
Stroudsburg, Pa. ‘(Pa.) 


Heller, Lloyd J., Opr., 
Pit., 14 N. 14th. St., 
Ia. (Cen. St.) 

Henderlite, James 


Tiernan Co., Inc., 
cial Bank Bldg., 
(N.C.) 


Chem., 


Sales 
Bldg., 


(Pa.) 

Gen. Megr., 

Dak.) 

Engr., 
San 


Sew. Tr. 


"Ft. Dodge, 


H., Wallace & 
1001 Commer- 
Charlotte, N. C 


Henderson, J. E., 
Gravesend, Kent, 

Henderson, J. F., 
17th St., Denver, 
Mtn.) 

Henderson, 
Engr., USPHS, 
praisers Bldg., 
Calif. (Fed.) 

Henderson, Stuart P., Supt., Water 
Sew., Prescott, Ariz. (Ariz.) 

Hendon, H. H., Polk, Powell & 
Hendon, 51 Norman Dr., Moun- 
tain Brook, Birmingham, Ala. 
N.Y.) 


Eng. (ISP) 


Sales Engr., 
Colo. 


1009 


San. 
Ap- 
11, 


raat C,,. . 8: A. 
Li52- Us. S. 
San Francisco 


Gerald F., San. Engr., 
Bd. of Health, 604 
St., Columbus, Ind. 


Hendricks, 
Ind. State 
Franklin 
(Cen. St.) 

Henley, M. E., Sales Engr., 
& Tiernan Co., Station E, 
Atlanta 3, Ga. (Ga.) 

Henn, Donald E., Supt., 
San. Dist., 119 S. 10th St., 
Kalb, Ill. (Cen. St.) 


Wallace 
Box 63, 


DeKalb 
De- 


Wertz 


Sanitarium, | 
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Box 2079, | 


Div. | 


421 W. High St., | 


| 


New | 


11 Woodfield Ave., | 


(Rocky | 
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Hennelly, Edmund P., Jr. San. 
Engr., Y. State Conservation 
Dept., Laurel- 


139-60 232nd St., 

ton, L. I., N. ¥. (N.Y.) 

Hennigan, John J., Agricultural Ex- 
periment Station, Dept. of San., 
New Brunswick, N. J. (N.J.) 

Henny, A. L., Engr., U. S. Engrs., 
1581 S. W. Upper Hall St., Port 
land, Ore. (Pac. NW.) 

Henricks, Francis J., 
Plt. fastern Air 
Northeast Second 
Fla. (Fla.) 

Henry, Allan K., P. O. Box 
Jacksonville, Fla. (Fla.) 
Henry, Forrest R., Bustleton 
Somerton, Philadelphia 16, 

(Pa.) 

Henry, Jay E., City Engr. & Dir. 
Pub. Wks., City-Co. Bldg., Wheel- 
ing, W. Va. (W. Va.) 

Henry, Thomas B., Cons. Engr., 
Jones & Henry, 1812 Wychwood 
St., Toledo 6, Ohio (Ohio) 

Hensel, Eugene C., Asst. San. Engr., 
Wis. State Bd. of Health, 318 W. 
Main St., Sparta, Wis. (Cen. St.) 

Hepburn, D. Neil, 5404 40th Ave., 
Hyattsville, Md. (Md.-Del.) 

Hepler, John M., Dir., Bur. of Eng., 
Mich. Dept of Health, Lansing 4, 


Opr., 
Lines, 
Ave., 


Sew. 
5424 
Miami, 


210, 


Ave., 
Pa. 


Mich. (Mich.) 

Herberger, Arthur Henry, Dir., Div. 
of San., Nassau Co. Dept. of 
Health, 40 Stowe Ave., Baldwin, 
L. 2; BY. GND 

Herda, N., Util. Supt.,  Kaiser- 
Frazier Corp., Willow ai. Mich. 
(Mich.) 

Herman, Cra Grad. Stud., N. Y. 
Univ., 311 E. 72nd St., New York 
oi N. = ONY.) 

Hermann, F._X., Asst. Opr., Sew. 
r. Pit., 3152 40th Ave., A 
Minneapolis 6, Minn. (Cen. St.) 


Hernandez, Alberto, P. 


O. Box 424, 
Rio Piedras, P. R. (P.R.) 


Herndon, A. B., City Engr., City 
Hall, Orlando, Fla. (Fla.) 

Herr, H. N., Gen. Megr., Hershey 
Water Co., 114 Java  Ave., 
Hershey, Pa. (Pa.) 

Herrick, T. L.. 717 _N. Wash. St., 
Park Ridge, Ill. (Cen. St.) 

Herzig, S. B., Supt., Sew. Tr. Pit., 
Renville, Minn. (Cen. St.) 

Herzog, Henry, Supt. of Sewers, 315 
Linden Rd., Rochester 10, N. Y. 
(N.Y.) 


Hesford, L., San. Surveyor, Melton 
Mowbray U.D.C., ‘‘Dorlan,’’ Scal- 
ford Rd., Melton meson 
Leicestershire, Eng. (ISE 

Hess, Daniel J., Jr., John ; zal: 
Cons. Engrs., 2313 N. 50th St. 
Philadelphia 31, Pa. (Pa.) 

Hess, Edward C., Professional Engr., 
33. N. 7th St., Stroudsburg, Pa. 
(Pa.) 

Hess, John S., Chief Opr., 
Wks., 1555 S. Senneca, 
Ohio (Ohio) 

Hess, Raymond W., 
Div., Allied Chem 
1051, _ 5 Park Ave., 
N. (N.Y.) 

Hess, im G., 
Interstate 
William St., 
(N.Y.) 

Heubi, Thomas, 
45 Wash. Ave., 
(N.Y.) 


Sew. Tr. 
Alliance, 


Chem., Aniline 
& Dye Corp., 
Buffalo 10, 


_Dir. 
San. 
New 


& Chief Engr., 
Comntf., 110 
You: 7, N.-¥. 


Supt., Water Wks., 
Fredonia, N. Y. 
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L. S._R., Pres., Bacterial 

Purif. Co., 76 William St., 
New York, N. Y. (N.Y.) 

Hopkins, Omar C., San. Engr., 
USPHS, 603 State Planters Bank 
Bldg., Richmond, Va. (Fed.; Dual 
—Va.) 

Hopper, 
ing Dept., 
Rm. 1503, 75 West St., 
6, N. ¥. N.Y.) 

Horgan, John J., Sales Engr., 
Park PIl., New York, N. 
(N.Y.; Dual—N. Eng.) 

Horler, A., Ing., Spitzackerstr. 
Zurich, Switz. (Switz.) 

Horn, A. John, San. Engr., Gannett, 
Fleming, Corddry & Carpenter, 
600 N. Second St., Harrisburg, 
Pa. (N. Y.; Dual—Pa.) 

Horne, Ralph W., Cons. Engr., Fay, 
Spofford & Thorndike, Cons. 
Engrs., 11 Beacon St., Boston 8 
Mass. (N. Eng.) 

Horner, George I., 
Constr. Co., 752 St. 
W. Toronto, Ontario, Can. (Can.) 

Horton, F. C., 314 W. Maple Ave., 
El Segundo, Calif. (Calif.) 

Horton, Freeman H., Cons. Engr., 
Bail, Horton & Assocs., Box 958, 
Bradenton, Fla. (Fla.) 

Horton, Harry, Sew. Opr., 

San. Eng. 


Osceola, Ia. (Ia.) 
Hoskins, J. K., Chief, 

USPHS, 6318 Woodside PI., 
Md. (Fed.) 


Div., 
Chevy Chase 15, 

Hoskinson, Carl M., Chief Engr. & 
Act. Supt., Div. of Water & 
Sewers, 112 City Hall, Sacra- 
mento 14, Calif. (Calif.) 

Hoth, Fred, Water & Sew. 
Bartlett, Ill. (Cen. St.) 

Hough, L. E., City Engr., 
Ore. (Pac. NW.) 

Houlihan, J. S., 4 Strongbow 
Eltham, London, S. E. 9, 
(ISP) 

Houser, 


Hopkins, 
Sew. 


Allen O., Megr., Contract- 
Turbine Equipt. Co., 
New York 


53 
a 


15, 


Engr., 
Clair Ave., 


Pit. 


Opr., 
Ontario, 


Rd., 
Eng. 


Engr., 
46, 


George C., Cons. 
220 Clyde St., Brookline 
Mass. (N. Eng.) 

Houser, P. J., Asst. 
Pub. Health Eng., 
Health, Des Moines 19, Ia. (Ia.) 

Houston, J. W., Sales Engr., W. D. 
Taulman & Assocs., 1685 Lenox 
Rd., N. W., Atlanta, Ga. (Ga.) 

Howard, C. M., Engr., Concrete 
Pipe & Products Assn., 404 Artic 
Bldg., Seattle, Wash. (Pac. NW.) 

Howard, Earl R., Asst. Engr., City 


Engr., Div. of 
State Dept. of 


Engrs. Office, 550 Main St., Hart- 
ford, Conn. (N. Eng.) 


Howard, N. J., Dir., Water Purif., 
Victoria Park Filtration  Pit., 
Queen St., E. & Nursewood Rd., 
Toronto 2, Ontario, Can. (Can.) 

Howard, Paul F., San. Engr., Whit- 
man & Howard, Inc., Engrs., 89 
sg St., Boston 10, Mass. (N. 
eng.) 

Howard, R. R., Supt., Slater Mun. 
Util., Slater, Mo. (Mo.) 

Howard, Walter S., Asst. Sec., 
Delany & Co., Inc., Milnor & 
Cottman Sts., Tacony, Philadel- 
phia, Pa. (Pa.) 

Howarth, J. P., Supt., Sew. Disp. 
Wks., 179 Longford Rd., Cannock, 


Staffordshire, Eng. (ISP) 

me. Ben V., Ripple & Howe, 
Cons. Engrs., Colo. Bldg., Denver, 
Colo. (Rocky Mtn.) 


Howe, J. P., Town Engr., Pembroke, 


Ontario, Can. (Can.) 


Onway | 
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Howe, Martin W., Sales Engr., 
Wallace & Tiernan, 960 Dundas 
St., W., Toronto, Ontario, Can. 
(Can.) 

Howell, Eugene M., 1717 W. Willow 
St., Stockton, Calif. (Calif.) 

Howland, W. E., Assoc. Prof., Pur- 
due niv., W. Lafayette, Ind. 
(Cen. a 

Howson, J. Opr., Sew. Tr. Pit., 
116 Elm < Westfield, N: ¥. 
(N.Y.) 

Howson, L. R., Partner, Alvord, 
Burdick & Howson, Cons. Engrs., 
Suite 1401, 20 N. Wacker Dr., 
Chicago 6, Ill. (Cen. St.) 

Hoy, J. R., Dist. Mgr., Wallace & 
Tiernan Co., Inc., 404 Hilde- 
brandt Bldg., Jacksonville, Fla. 
(Fla.) 

Hoyle, W. H., ‘‘Dilkusha,” 47 Vic- 
toria Rd., Topsham, Nr. Exeter, 
Devon, Eng. (ISP) 

Hoyt, Albert J., 218 Cypress St., 
Alameda, Calif. (Calif.) 

Hoyt, Clinton W., Webster Rd., 
Orchard Park, N. Y. (N.Y.) 

Hoyt, Earle S., Asst. Engr., State 


Dept. of Health, 302 State Depts. 
Bldg., Columbus 15, Ohio (Ohio) 


Hromada, Frank M., Filtration Pit. 
Supt., U. S. Southwestern Re- 
formatory, Box 783, El Reno, 
Okla. (Cen. St.) 

Hu, Chin Tsun, c/o Walter E. 
Merrill, State Dept. of Pub. 
Health, 511A State House, Boston, 
Mass. (N. Eng.) 

Hubbard, George R., Dir., Pub. 
Service, City Hail, Boulder, Colo. 
(Rocky Mtn.) 

Hubbell, George E., Sec., Hubbell, 
Roth & Clark, Inc., 2640 Buhl 
Bldg., Detroit 26, Mich. (Mich.) 

Hubel, J. H., Chem. Engr., Develop. 
Dept., Canadian Industries, Ltd., 
Montreal, Quebec, Can. (Can.) 

Hubeny, Karl, Engr.-Des., 110 Sea- 
man Ave., Apt. S. L., New York 
34, N. Y. (Pa.) 

Huber, Harold J., Supt., Pub. Wks., 
5214 Broadway, Lancaster, N. Y. 
(N.Y.) 

Hudson, John P., Sec., St. Catha- 
rines Regional Plan. & Develop. 
Bd., 18 Merritt St., St. Catharines, 
Ontario, Can. (Can.) 

Hudson, L. D., Prin. San. Engr., 
State Dept. of Pub. Health. 
Springfield, Ill. (Cen. St.) 

Huebner, Ludwig, Chief Opr., Sew. 
Tr. Pit., Box 52, Station A, Palo 
Alto, Calif. (Calif.) 

Huffman, Fred, 422 Univ. St., 
Healdsburg, Calif. (Calif.) 

Huffman, Lloyd C., Supt., Sew. Tr. 
Wks., 1966 Burbank Dr., Dayton, 
Ohio (Ohio) 


Hufford, L. E., Supvr., 1501 Broad- 
way, Piqua, Ohio (Ohio) 
Huggins, Harwell S., Asst. Engr., 


John J. Harte Co., 
Atlanta 3, Ga. (Ga 

Hughes, V. R., Prin. Opr. Engr., 
Water & Sew., Enid Army Air 
Field, 509 E. Maple, Enid, Okla. 
(Okla.) 

Hughes, W. P., City Water Supt., 
Lewiston, Idaho (Pac. NW.) 


Hulbert, Charles C., Asst. Resident 
Chem., Pure Oil Co., Box 144, 
Cabin Creek, W. Va. (W. Va.) 


— Bldg., 
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Hulse, C. A., Chief Sales Clk., 
Canadian Johns-Manville — Co., 
Ltd., 199 Bay St., Toronto 1, 


(Can.) 
ae Wks., 


Ontario, Can. 
Hulsey, L. C., Supt., 
Rockmart, Ga. (Ga 
Hume, ro B., Asst. Civil Engr., 
Div. of Sewer Des., 2700 Deodar 
Circle, Pasadena 8, Calif. (Calif.) 
Hume, Quintus R., Opr., Water St. 
Sew. Tr. Plt., Ossining, N. Y 
(N.Y.) 

Humphreys, G. Howard, Cons. Engr., 
17 Victoria St., Westminster, S. W. 
1, London, Eng. (ISE) 

Hunsicker, John D., Civil Engr., 
Albright & Friel, Inc., 1528 Wal- 
nut St., Philadelphia 2, Pa. (Pa.) 

Hunt, H. S., Pres. Fargo Eng. Co., 
120 Mich. Ave., W., Jackson, 
Mich. (Mich.) 

Hunt, Henry J., Partner, Mead & 
Hunt, Cons. Engr., 550 State St., 
Madison 3, Wis. (Cen. St.) 

Hunt, L. W., Supt., Sew. Tr. 
Box 403, Galesburg, Ill. 
St.) 

Hunt, William J., Jr., 
Sewers, i. McGillis, 
George, N. (N. Y 

Hunter, Colus - Cons. Engr., 950 
Grove St., Elmire, N. Y. (N. Y.) 

Huntress, C. O., Asst. City Mer. 

Supt., Water Dept., 2060 S. 
Dewey, Bartlesville, Okla. (Mo.) 


Hupp, John E., Jr., 720 Weller 
Ave., LaPorte, Ind. (Cen. St.) 


Hurd, _— H., Cons. Engr., 333 
N. St., Indianapolis 4, Ind. 
(Cen. “st. 

Hurley, J., Supt., Sew. 
tenhall. Wolverhampton, 
shire, Eng. (ISP) 

Hurley, Joseph A., 
Sierra Madre, Calif. 

Hurst, Charles, Opr., 
923 S. Gibson St., 
(Cen. St.) 

Hurst, D. H., Supt., 
Tifton, Ga. (Ga.) 
W. Dz., City Engr., 223 
Ave., Winnipeg, Manitoba, 


Pit:. 
(Cen. 


Supt. of 
Ave., Lake 
£3, 


Wks., Tet- 
Stafford- 


City Engr., 
(Calif.) 

Sew. Tr. Plt., 
Princeton, Ind. 


Water Wks., 


Hurst, 
James 
Can. (Can.) 

Hurtado, J. R., San. Engr., Insti- 
tuto Nacional de Obras Sanitarias, 
Esq. Mercaderes, Caracas, Vene- 
zuela, S. A. (Fla.) 


Emanuel, 
Tr. Fit.,. 5013. N; 
Chicago 25, Ill. (Cen. St.) 

Hutchins, R. E., Prof., San. 
Rose Polytechnic Inst., 
Haute, Ind. (Cen. St.) 

Hutchins, Will A., Supt., 
Sewers, City Hall Bldg., 
Ill. (Cen. St.) 

Huth, Norman A., City Engr., 
Visalia, Calif. (Calif.) 
Hutton, H. S., Sales Megr., 
Co,, Iné:, 


Sew. 
Ave., 


Chem., 
Francisco 


Hurwitz, 


Eng., 
Terre 


Water & 
Freeport, 


Wallace 
Newark, 


Hyde, Charles Gilman, Cons. Engr., 
2599 Buena Vista Way, Berkeley 


8, Calif. (Calif.) 
Hyland, William L., 


Cons. Engr., 


Fay, Spofford & Thorndike, 11 
Beacon St., Boston, Mass. (N. 
Eng.) 
Iantosea, Angelo, State Dept. of 
Health, 72 Eutaw St., E. Boston, 
Mass. (N. Eng.) 
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Illinois Dept. 
of San Eng., Sixth Floor, North 
Wing, State House, Springfield, 
Ill. (Corp., Cen. St.) 

Imbt, M. Russell, Sales  Engr., 
Stroudsburg Septic Tank Co., 312 
Main St., Stroudsburg, Pa. (Pa.) 

Indiana State Bd. of Health, Bur. 
of San. Eng., Att: B. A. Poole, 
Chief Engr., 1098 W. Mich. Ave., 
Indianapolis 7, Ind. (Corp., Cen. 
St.) 

Inerfield, Arthur J., 2444 Rampart 
st, & Oakland, Calif. (Calif.) 

Infilco, Inc., Att: H. W. Gillard, 
325 W. 25th Pl., Chicago 16, Ill. 


(Corp., Cen. St.) 

Ingols, Robert S., Ga. School of 
Tech., Dept. of Civil Eng., At- 
lanta, Ga. (Ga.) 

Ingram, William T., Eng. Field As- 
soc., APHA, 20 Point Crescent & 
Malba, L. I., N. Y. (Calif.) 

Iowa City, City of, Att: Supt., 
Sew. Wks., Ia. City, Ia. (Ia.) 

Irey, George W., Empire Dist. 
Elec. Co., 602 Joplin St., Joplin, 
Mo. (Mo.) 

Irvine, A. S., Town Clk., St. 
Stephen, N. B., Can. (Can.) 

Irvine, J. H., Office & Des: Engr., 
City Hall, Ottawa, Ontario, Can. 
(Can.) 

Irving, Clifford E., Plt. Opr., 12 


Selden St., Schenectady 4, N. Y. 

(N. Y.) 

Irwin, G. M., City Engr., City Hall, 
Victoria, B. C., Can. (Pac. NW.) 

Iscol, George, Opr., Dept. of Pub. 
Wks., 125 Worth St., New York 
3, N: ¥..(N. Y.) 


Jablon, Fred M., Opr., Belgrave 
Sew. Dist., 45-11 258th St., Great 
Neck, N. Y. (N. Y.) 

Jack, David, City Engr., 
Ontario, Can. (Can.) 

Jack, Dwight L., Chem., Pa. Salt 
Mfg. Co., 640 Roup St., Taren 
tum, Pa. (Pa.) 

Jack, Grant R., City Engr., St 
Johns, Newfoundland, Can. (Can.) 

Jackson, R. B., Asst. 
Tr. Pit., 527 Ganson St., 
son, Mich. (Mich.) 


Jacobs, J. R., San. Engr., Army Air 


of Pub. Health, Div. | 
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Janzen, Herman A., San. Engr., 
Inst. of Inter-Amer. Affairs, c/o 
Amer. Consulate, Belem, Brazil, 
S. A. (Kan.) 

Jarlinski, Alice M., Opr., Sew. Tr. 
Pit., 2110 Ferry Ave., Niagara 
Falls, N. Y. (N.Y.) 

Jarrett, J. M., Dir., Div. of San. 
Eng., State Bd. of Health, Raleigh, 
N.-C. (N.C.) 

Jarvis, Alec C., Cons. Engr., Veile- 
sovej 31, Holte, Denmark (ISP— 
Eng.) 

Jeffrey, H. H., Chem. Div. of Wa- 
ter & Sewers, City Hall, Rm. 112, 
Sacramento 14, Calif. (Calif.) 

| Jenckes, J. Franklin, Jr., Fields 
Point Mfg. Corp., Providence, 
R. I. (N. Eng.) 

Jenkins, Joe E., 3000 E. Belknap, 
Ft. Worth 11, Tex. (Tex.) 

Jenkins, S. H., Birmingham Tame 
& Rea Dist. "Drainage Bd., Rook- 


Kingston, 


ery Park, Erdington, Birmingham 


24, Eng. (ISP) 


Jenks, Glen, Supt., Sew. Tr. Plt., 
875 W. Loucks St., Sheridan, 
Wyo. (Rocky Mtn.) 

Jenks, Harry N., Cons. Engr., 345 
Madrono Ave., Palo Alto, Calif. 
(Calif.) 

Jenne, Lyle L., San. Engr., 825 City 
Hall Annex, Philadelphia, Pa. 
(Pa.) 

Jennings, A., Supt., Sew. Disp. | 
Wks., Sefton Lane, Maghull, Nr. 


Liverpool, Eng. (ISP) 


Jennings, J. C., 


Water & Sewers, 112 City Hall, 
Sacramento 14, Calif. (Calif.) 
Jennings, L. R., Supt., Sew. Tr. 


Pit., 509 E. Mason St., 
Mich. (Mich.) 


Owosso, 


Jensen, Emil C., Chief Pub. Health 
Engr., Div. of Pub. Health Eng., 
State Dept. of Health, Smith 
Tower, Seattle 4, Wash. (Pac. 
vW.) 

Jepson, C., Rivers Dept., Town 
Hall, Manchester, Eng. (ISP) 

| Jerge, Ray, Sales Engr.. a 


Supt., Sew. | 
Jack- | 


| Jessup, A. H., 


Base, Seymour Johnson Field, 619 | 


First St., S. E., Moultrie, Ga. 


(Ga.) 
Jacobs, L. L., San. Engr., Camp 
Gordon, General Del., Mont- 


(Ga.) 
Chief Opr., Sew. Tr. 


gomery, Ala. 
Jacobs, W. H., 


Pit., 1028 W. Spring St., Lima, 
Ohio (Ohio) 

Jacobson, George, S. Dak. State 
School of Mines, Dept. of Civil 


Eng., Rapid City, S. Dak. (S. 
Dak.) 

Jaffe, Theodore, San. Chem., 273 
E. 175th St., Bronx 57, N. Y. 
(Pa.) 

Jahoda, Frank W., Jun. Civil Engr., 
age of Pub. Wks.. 125 Worth 


,» New York 13, N. Y. (N.Y.) 


Resid Norman B., Supt., Fla. State | 
Hosp., nett ciel ong Fla. (Fla.) 

James, Thomas E., San. Engr., 
6407 N. Fairhill St., Philadelphia | 
26, Pa. (Pa.) | 

Janis, A. S., San. Equip. Div., 
Chain Belt Co., 3159 S. 40th St., | 
Milwaukee 7, Wis. (Cen. St.; 


Dual—Mich.) 


| Jeup, 





Equitable Meter Co., Eden, N. 
(N.Y.) 

Jernigan, Harold N., Sales Engr., 
Wallace & Tiernan Co., Box 139, 
Union City, Tenn. (Ky.-Tenn.) 

Chief Des. Engr., 

ngs Hill, Barnard & Jewett, 

224 N. Segovia Ave., San Gabriel, 

Calif. (Calif.) 

Bernard H., Chem. Engr., 


State Bd. of Health, 1098 W. 


Mich. St., Indianapolis 7, Ind 
(Cen. St.) 

Jewell, -George H., Sales Engr., 
Builders Iron Foundry, 1852 Peo- 


ples Gas Bldg., 

(Cen. St.) 

H. W., Chief Engr., Pacific 
Clay Products Co., 306 W. Ave. 
26, Los Angeles, Calif. (Calif.) 

John, Robert L., 37 Green St., 
Spotz Bldg., York, Pa. (Pa.) 

Johns, Alex W., Research Assoc., 
Pa. Economy League, Inc., 1412 
Farmers Bank Bldg., Pittsburgh 
22, Pa. (Pa.) 

Johns, B. S., Supt., Sew Tr. Pit., 
216 Elm St., Butler, Pa. (Pa.) 
Johnson, A. Stanford, Student, Univ. 
of Minn., Apt. 101, 715 Univ. 
Ave., E., Minneapolis 14, 

Minn. (Cen. St.) 

Johnson, Arthur N., Opr., Sew. Tr. 
Pit., 944 24 St., Moline, Ml. 
(Cen. St.) 


Chicago 3, Ill. 


Jewell, 


Engr., Div. of | 














March, 1948 
Johnson, C. Frank, Cons. Engr., 
Metcalf & Eddy, 1300 Statler 


Bldg., Boston 16, Mass. (N. Eng.) 

Johnson, E. M., Supt., Water Dept., 
Raleigh, N. C. (N.C.) 

Johnson, Earle P., Dist. Engr., Wal- 
lace & Tiernan Co., Inc., Flannery 
Bidg., Pittsburgh, Pa. (Pa.) 

=. Floyd E., Supt., Sew. Tr, 

Pit., 471 Barrett St., Elgin, Il, 
(Cen. St.) 

Johnson, Gilmore, Sewer Supt., Britt, 
Ta. (Ia.) 

Johnson, Hamilton K., San. 
Pacific Water Wks. 
2900 First Ave., S., 
Wash. (Pac. NW.) 

Johnson, Harold W., 


Engr., 
Supply Co., 
Seattle 4, 


7633 Gloucester 
(Va.) 


Ave., Norfolk 5, Va. 
Johnson, Henry, Opr., Sew. Tr. 
Jks P. O. Box 176, Kokomo, 


Ind. (Cen. St.) 


Johnson, Herbert E., Cons. Engr., 
61 Elm St., Williams Bay, Wis. 
(Cen. St.) 


Johnson, Herbert O., Opr., Sew. Tr. 
Pit., 10 Broadway, Great Neck. 
N.Y. NZ.) 

Johnson, Jess B., Professional Engr., 


917 N. 17th St., Manitowoc, Wis. 
(Cen. St.) 

Johnson, John W., Wks. Supt., 65 
Tillinghast Pl., Buffalo, N. Y. 
(N.Y 

Johnson, Kenneth R., Supt., Sew. 
Wks., Dick 


426 Second Ave., E., 
inson, N. Dak. (N. Dak.) 
Johnson, Kiehner, Sales Engr., Johns- 


Manville Sales Corp., 12 N. Third 
St., Rm. 218, Columbus, Ohio 
(Ohio) 

Johnson, L. M., Commr. of Streets 
& Electricity, City Hall, Rm. 710, 
Chicago 2, (Cen. St.) 

Johnson, Lester V., 1101 Wilson 
Blvd., Arlington, Va. (Va.) 

Johnson, Paul B., Sr. Civil Engr., 
Federal Wks. Admin., 4656 5S 
34th St., Arlington, Va. (Fed.) 

Johnson, Robert T., County East. 
Hardin Co., Eldora, Ia. (Ia. 

Johnson, Roy A., 306 Belmont i 
Hibbing, Minn. (Cen. St.) 

Johnson, Russell K., Dist. Sales 
Mer., Darling Valve & Mfg. Co., 
70 Pine St., New York, N. Y. 
(N.Y.) 

oe T. E., Pit. Foreman, 2220 


Jefferson Lane, Yakima, Wash. 


(Pan NW.) 


Johnson, Verner C., 115 W. Devon- 
shire Ave., Hemet, Calif. (Calif.) 

Johnson, W. E., Civil Engr., 504 
First Federal Savings & Loan 
Bldg., P. O. Box 1324, Jackson, 
Miss. (Ga.) 

Johnson, W. Martin, Wiley & Wil- 
son, Cons. Engrs., Lynchburg, 


Va. (Va.) 

Johnson, W. W., Asst. San. Engr., 
Madison Metrop. Sew. Dist., 4252 
Beverly Rd., Madison 5, Wis. 
(Cen. St.) 

Johnson, Warren A., t 
Joseph Water Co., 825 Francis 
St., St. Joseph, Mo. (Mo.) 

Johnston, E. W., Sr. San. Engr., 
Ontario Dept. ‘of Health, Parlia- 
ment Bldgs., Toronto 2, Ontario, 
Can. (Can.) 

Johnston, G. C. S., 
Selkirk, Manitoba, Can. 

Johnston, Robert M., Cons. 
& Bact., 504 N. 2nd St., 
burg, Pa. (Pa.) 


Chem., St. 


Box 98, 
(Can.) 
Chem. 
Harris- 


Engr., 
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Johnstone, Alan, Dist. Sales Mer., 
Wallace & Tiernan Co., Inc., Pine 
Grove, Niantic, Conn. (N.Y.) 

Joiner, W. N., Water Wks. Supt., 
San Marcos, "Tex. (Tex.) 

Jollie, Walter H., San. Engr., Div. 
of San., Ill. Dept. of Pub. Health, 
6th FI., — Bldg., Springfield, 
Ill. (Cen. St.) 

Jonas, Milton R., Opr., Sew. Tr. 
Pit., 5496 Cornell Ave., Chicago 
15, Ill. tg St.) 

Jones, el O., 
Whitley, Piste 
Eng. (ISP) 

Daniel, Plt. Opr., Sew. Tr. 

New Ro- 


Chemical Lab., 
Warwickshire, 


Jones, 
Pit., 14 Burling Lane, 
chelle, N. Y. (N.Y.) 

Jones, Edward B., Opr., Sew. Disp. 
Pit., Pendleton, Ind. (Cen. St.) 

Jones, Everett M., Sales Megr., Sim- 
plex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia 42, Pa. 


(Assoc.; Dual—N.Y.) 

Jones, F. Wayland, Supt., S. Disp. 
Pit., 2131 Plymouth Rd., Stock- 
ton, Calif. (Calif.) 

Jones, Frank, San. Engr., Mich. 


Stream Control Comm., 3119 Sab- 
lain Parkway Dr., Lansing, Mich. 
(Mich.) 
Jones, Frank O., Civil Engr., 
mont, Minn. (Cen. St.) 
Jones, Frank Woodbury, Cons. Engr., 
Havens & Emerson, 1140 Leader 


Fair- 


Bidg., Cleveland 14, Ohio (Ohio; 
Dual—Pa.) 

Jones, Harvey P., Partner, Jones & 
Henry, Cons. Engrs., Security 
Bldg., Huron at Madison, Toledo 
4, Ohio (Ohio) 

Jones, J. Paul, Dir. of Prod., Pa. 


Grade Crude Oil Assn., 69 Main 


St., Bradford, Pa. (Pa.) 


Jones, Robert T., Cons. Engr., 1295 
Commonwealth Ave., Allston, 
Mass. (N. Eng.) 

Jones, S. Leary, San. Engr., Tenn. 
Dept. of Pub. Health, 3500 Wil- 
bur Foster, Nashville 4, Tenn. 
(Ky. ge ) 

Jones, T. Supt., Water Wks., 
City Hall” Ft. Valley, Ga. (Ga.) 

Jordan, Edward C., Cons. Engr., 


31% Exchange St., Portland 3, 
Me. (N. Eng.) 

Jordan, Harry E., Sec., Amer. Water 
wor Assn., 500 Fifth Ave’, New 
York, N. Y. (N.Y.) 

Jorgensen, Homer W., Asst. San. 
Engr., Los Angeles Co. San. Dist., 
1206 S. Maple Ave., Los Angeles 
15, Calif. (Calif.) 

Joy, C. Fred, Jr., Sewer Supt., 50 
Meredith Circle, Milton 86, Mass. 
(N. Eng.) 


Jullum, Henry, 317 Builders Ex- 
change Bldg., Portland 4, Ore. 
(Pac. NW.) 


Kachelhoffer, 
Eng., Oregon State 


Fred G., Instr., San. 
College, Rt. 2, 








Box 141, Corvallis, Ore. (Pac. 
NW.) | 
Kachorsky, M. S., Supt., Pub. Wks., | 
P. O. Box 283, Manville, N. J. 
(N.J.) 
Kadinger, Fred, Supt., Util. Comm., 
sy Hall, Juneau, Wis. (Cen. 
ma4 John, Supt., Sew. Tr. Pit., 


Clintonville, Wis. (Cen. St.) 
Kaiser, C. T., Rep., Jeffrey Mfg. 
Co., Box 743, Columbus, Ohio 
(Ohio) 


Kaiser, Marvin M., Mgr., Eastern 
Div., Eimco a 67 St., 
New York 5, N. Y. (N.Y.) 


Kaler, P. E., Chem., Sew. Tr. Plt., 
1522 W. 16th St., Topeka, Kan. 
(Kan.) 


Kaltenbach, Albert B., San. Engr., 
Metro. Dist. of Baltimore County, 
6023 Bellona Ave., Baltimore 12, 
Md. (Md.-Del.) 

Kamp, Ewald A., Research Des. 
Engr., 5319 Woodlawn Ave., Chi- 
cago 15, Ill. (Cen. St.) 


Kane, R. D., Cleveland Megr., Innis 
Speiden & Co., 2775 Pittsburgh 
Ave., Cleveland, Ohio (Ohio) 


Kansas State Bd. of Health, Div. of 
San., Rm. 2, Marvin Hall, Kan. 
Univ., Lawrence, Kan. (Kan.) 

Kaplan, Bernard, San. Engr., State 
Dept. of Health, Lovett Ave. & 
Orchard Rd., Little Silver, N. J. 
(N.J.) 

Kaplan, 
bay Sew. Tr. Plt., 
Ave., Chicago 40, IIl. 

Kaplovsky, A. 35... Sot, 
Fit,, “305 Warren St., 
N. Y. (N.Y.) 

Kappe, S. E., Kappe & Assocs., 
5230 Mass. Ave., Washington, 
D. C. (Pa.; Dual—Va.) 

Karalekas, Peter C., 33 Maplewood 
Terrace, Springfield, Mass. 
Eng.) 

Kass, Nathan I., Supt., 
Plt., 167 Beaumont St., 
NN. X.. CNLY) 

Kaufman, Warren J., Kinki Mil. 
Govt. Region, APO 301, c/o Post- 


Hilton C., Chem., Green- 
1913 Foster 
(Cen. St.) 
Sew. Tr. 
Hudson, 


Sew. Tr. 
Brooklyn, 


master, San Francisco, Calif. 
(Calif ») 
Kavanagh, J. P., Dist. Megr., Wal- 


lace & Tiernan Co., 915 Colonial 
Bank Bldg., Roanoke, Va. (Va.; 
Dual—W. Va.) 

Kay, Lawrence A., Dir., Pub. Health 
Eng., Dept. of Health & Welfare, 
320 Sherbrook St., Winnipeg, 
Manitoba, Can. (Can.) 

Kearney, John J., Major, C.E., 
Civil Engr., 5610 Dunham Rd., 
Downer Grove, Ill. (Cen. St.) 

Keefer, Clarence E., Supt., Sew. Tr. 
Pit., 408 Kensington Rd., Balti- 
more 29, Md. (Md.-Del.) 


Keefer, R. K., Supt., Sew. Tr. Pit., 
339 South St., Clarion, Pa. (Pa.) 

Keeler, J. Harold, 795 Lake St., 
White Plains, N. Y. (N.Y.) 

Keeler, Russell B., San. Engr., 5417 
Lemon Grove Ave., Los Angeles 
38, Calif. (Calif.) 

Keeney, Paul, Mgr., Elsie Coopera- 
tive Creamery Co., Elsie, Mich 


(Mich. ) 
Kehr, William Q., Mo. State Bd. of 
Health, Jefferson City, Mo. (Mo.) 
Keinath, Herbert L., Supt. of Pub. 


Wks., Frankenmuth, Mich. (Mich.) | 


Wal- 
2311 
Calif. 


Keirn, Kenneth A., Div. Megr., 
lace & Tiernan Sales Corp., 
E. 8th St., Los Angeles 21, 
(Calif.) 

Keis, F. J., Cons. Engr., 
Holroyd, 257 Broadway, 
N.Y: ONY) 

Keith, J. Clark, Gen. Mgr., 
Util. Comm., 607 Canada Bldg., 
Windsor, Ontario, Can. (Can.) 

Kelleher, Joseph A., Opr. Engr., 
N. Y. City Dept. of Pub. Wks., 
157-24 27th Ave., Flushing, L. I., 
N:: %. (NYS) 


Troy, 





Keis & | 


Windsor | 


| 
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City Engr., 


Keller, Earl D., Asst. 
548 Ohio 


E. King St., Lancaster, 
(Ohio) 


Keller, L. M., State Dept. of Health, 


NY Garden’ St., Monclair, N. J. 

N 

Keller, ‘s. K., Gen. Supt., Pinellas 
Co. Water System, Clearwater, 
Fla. (Fla.) 


Kelley, Peter J., Service Rep., Lime- 
stone Products Corp. of America, 
Newton, N. J. (Assoc.) 


Kelley, W. D., Cons. Engr., Cham- 
ber of Commerce Bldg., Charles- 
ton, W. Va. (W. Va 

Kellogg, James W., pe Dir., State 
Lab. of Hygiene, Raleigh, NOG 
(N.C.) 

Kelly, Clarence, Opr., Sew. Tr. Plt., 

Cedarhurst, 


403 Westminster Rd., 
N. Y¥. N.Y.) 

Kelly, Earl M., Process Engrs., Inc., 
1014 S. Orange Grove Ave., Los 
Angeles 35, Calif. (Calif.) 

Kelsey, ee Sarven Court, Tar- 
rytown, N. Y. (N.Y 

Kemp, Harold Dir. of San. Eng., 
Govt. of the Dist. of Columbia, 
Dist. of Columbia Bldg., Washing- 
ton 4, D.C. CNX} 

Kempkey, A., Cons. Engr., 409 Bal- 
boa Bldg., "San Francisco 5, Calif. 
(Calif.) 

Cor- 


Kendrick, Edward J., Student, 


nell Univ., School of Civil Eng., 
6 wn Pl., Huntington, L. L., 
N. Y. N.Y.) 

Psa Waldo I., Cons. Engr., 20 
Kilby St., Boston 9, Mass. (N. 
Eng.) 

Kennedy, C. C., Cons. Engr., Atlas 
Bldg., 604 Mission St., San Fran- 


cisco 5, Calif. (Calif.) 

Kennedy, D. R., Sewer Maint. Engr., 
Pipe Lines Div., 502 City Hall, 
Long Beach, Calif. (Calif.) 

Kennedy, J. L., Sew. Plt. Opr., Rt 
2, Box 346, Santa Fe, N. 
(Rocky Mtn.) 


Kennedy, R. R., Cons. 
Mission St., San 
Calif. (Calif.) 


Kennedy, William, Opr., Hunting- 
ton Sew. Plt., Huntington, L. I., 
WN. Y¥. (N.Y) 

Kenney, Norman .D., Assoc. Engr., 
Whitman, Requardt & _ Assocs., 
5707 Chilham Rd., Baltimore 9, 
Md. (Md.-Del.) 

Kennison, Karl R., Chief Engr., 
Metro. Dist. Water Supply Comm., 
20 Somerset St., Boston 8, Mass. 
(N. Eng.) 

Kepner, Dana E., 


Engr., 604 
Francisco 5, 


Mfgr’s Rep., 1921 


Blake St., Denver, Colo. (Rocky 
Mtn.) 

Kent, S. R., Supt., Sew. Wks., 
Savannah Beach, Ga. (Ga.) 

Ker, M. F., Engr., Stamford Twp., 
2057. Drummond Rd., Niagara 
Falls, Ontario, Can. (Can.) 

Kershaw, Arnold, Supt., Sew. Purif. 
Dept., oa Lane, Slough, 
Bucks., Eng. (ISP) 

Kershaw & Kaufman, Cons. Engrs., 


1 Victoria St., Westminster, Lon- 
don, S.W. 1, Eng. (ISP) 
Kershaw, R., 93 Waterloo St., 
ham, Lancashire, Eng. (ISP) 
Kessener, H. J. N., Tech. Advisor 
on Water Pollution, Netherlands 
Govt., Bezuidenhout 35, The 

Hague, Holland (ISP) 


Old- 
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Kessler, Lewis H., Prof., San. 
Northwestern Tech. Inst., 
western Univ., 
(Cen. St.) 

Kesterson, Walter, City Insp., Dept. 
of Pub. Safety, City Bldg., Park- 
ersburg, W. Va. (W. Va.) 

Kewer, J. F., Sr., Supt., Sew. Tr. 
Pit., P. O. Box 152, Waukesha, 
Wis. (Cen. St.) 


Eng., 
North- 
Evanston, Iii. 


Keyes, santa E., Cons. Engr., 508 | 
E 


Culver St. Phoenix, Ariz. 


(Ariz.) 

Kibler, Harry J., Opr., Sew. Tr. Pit., 
1180 Ellicott Creek Rd., Tona- 
wanda, N. Y. (N.Y.) 

Kidd, Carl. W., Supt. 
Franklin St., 
(N.Y.) 

Kieffer, 


of Sewers, 65 
Dansville, N. Y 


Joseph D., Supt., Sew. Tr. | 


Pit., 519 Robineau Rd., Syracuse, | 
N. Y. (N.Y.) | 
Kielkopf, Frederick J., Asst. Supt. | 


& Chief Opr., Radnor-Haverford 
Sew. Tr. Pit., 1122 Garfield Ave., 
Havertown, Pa. (Pa.) 

Kiely, John F., Eng., Thomas Proc- 
tor Co., Inc., 218 N. Fifth Ave., 
Long Branch, N. J. (N.J.) 
Kiker, John E., Jr., Univ. of Fia., 
Hydraulics Bldg., Gainesville, Fla. 
N.Y.) 

Kilborn, R. Kenneth, Cons. Engr., 
Suite 310; 100 Adelaide St., W., 
Toronto, Ontario, Can. (Can.) 

Kilcawley, Edward J., Prof., San. 
Eng., Rensselaer Polytechnic Inst., 
Troy, N. Y. (N.Y.) 

Killam, E. T., Hydr. & San. Engr. 
140 Cedar St., om York 6, N. iy 


(N.J.) 

Killeen, Robert F., Cons. Engr., 
Pate & Hirn, 532 Mich. Bldg., 
Detroit, Mich. (Mich.) 

Kilpert, Richard, San. Engr., 40-12 
67th | _ Woodside, L. I., N. Y. 
(N.Y 

eng Jack H., P. A. San. Engr. 


(R), USPHS, 
Burlingame, Calif. (Calif.) 

Kimball, L. R., Civil Engr., Pa. 
Dept. of Health, 1839 Market St., 
wamegp Pa. (Pa.) 

Kimrey, . °E., Jr., 2020 Bailey, 
San his: Tex. (Tex.) 

Kin, Stephen R.; San. Engr., Bur. 
of San. Eng., State Bd. of Health, 
1098 W. Mich? St., Indianapolis, 
Ind. (N.C.; Dual—N.Y 

Kinderman, William, Supt., Sew. Tr. 
Pit., 200 N. 26th St., Camp Hill, 
Pa. (Pa.) 

King, Edward P., Chief Chem., Pure 


120 Lorton Ave., 


Oil Co., Cabin Creek, W. Va. 
(W. Va.) 
King, Elizabeth, 318 N. Claybrook, 


Memphis 7, Tenn. (Ky.-Tenn.) 


King, Henry R., Civil Engr., San 
Dist. of Chicago, 2661 Asbury 
Ave., Evanston, Ill. (Cen. St.) 


King, L. H., Supt., Fla. = Corp., 
Winter Park, Fla. (Fla.) 


King, L. P., Sales eal Chain 
Belt Co., 1414 Santa Fe Ave., 


Los Angeles 21, Calif. (Calif.) 


King, Leslie R., City Engr., 403 E. 
Snyder, Hobbs, N. M. (Rocky 
Mtn.) 


King, Oren L., City Mgr., Pendle- 
ton, Ore. (Pac. NW.) 


King, Richard, Asst. Prof., Civil 
Eng., Univ. of - ~- oa 
race, Apt. 312, Bldg. 

Arbor, Mich. (Cen. St. bad Mich) 
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King, William, Supt., Water & Sew. 
Wks., 721 S. Jefferson St., Hart- 
ford City, Ind. (Cen. St.) 


Kingsbury, H. N., San. Dist. Engr., 


Box 31, Ashland, Wis. (Cen. St.) 
Kingston, S. P., Exec. Engr., St. 
Mary’s Hosp., Rochester, Minn. 


(Cen. St.) 
Kingston, T. M. S., City Megr.- 





Engr., Harrison Hall, Chatham, 
Ontario, Can. (Can.) 
Kinney, E. F., Sales Engr., Wallace 


& Tiernan Co., Inc., 230 E. Ohio 
St., Indianapolis, Ind. (Cen. St.) 
Kinney, J. B., Mgr., Wallace & | 
Tiernan Co., Ltd., 350 Sorauren 
Ave., Toronto 3, Ontario, Can. 


(Can.) | 
Kinsel, Harry L., Project Engr., 

Metcalf & Eddy, 1300 Statler 

Bldg., Boston 16, Mass. (N. 


Eng.) 

Kinz, Arthur F., Sr. Clk., Sew. Tr. 
Pit., 2529 N. Erie St., Toledo 11, 
Ohio (Ohio) 


Kipp, jee: Supt., Disp. Plt., Ossian, 
Ia. (Ta.) 3 
Kipp, W. H., Mgr., Waterworks Sup- 


plies Co., Box 2328, Portland 14, 
Ore. (Pac. NW.) 

Kirchoffer, W. G., Cons. 
N. Carroll St., 
(Cen. St.) 

Kirk, B. C., Opr., Main 
Wks., Luxborough Lane, 
Essex, Eng. (ISE) 

Kirn, Matt, Mer., N. 
Dist., Dahringer Rd., 
Ill. (Cen. St.) 


Engr., 22 
Madison 3, Wis 


Outfall 
Chigwell, 





Shore San. 
Waukegan, 


Kirsner, Charles, Asst. Plt. Opr., 
334 Marlborough Rd., Cedarhurst, 
L BoM. XY. Ta.) 


Kisseleff, G., Ing., Limbergstr. 16, | 
Kusnacht, Zurich, Switz. (Switz.) | 
Kitchin, L., Sandall Sew. Wks., 
Armthorpe, Doncaster, Yorkshire, | 
Eng. (ISP) 
Kittrell, F. W., Chief, Stream San. 
Staff, Health & Safety Dept., 
Tenn. Valley Authority, Rm. 55, 


Ferris Hall, Knoxville, Tenn. 
(Fed.; Dual—Ky.-Tenn.) 

Kivari, A. M., Vice-Pres., Process 
Engrs., Inc., 6381 Hollywood 
Blvd., Los Angeles 28, Calif. 
(Calif.) 

Kivell, Wayne A., The Dorr Co., 


Inc., 570 Lexington Ave., New 
York 22, N. Y. (N.Y.) 

Klashman, L. M., San. Engr., Vet- 
eran’s Admin., 432 N. Drexel | 
Ave., Columbus 9, Ohio (Ohio) 

Klegerman, M. H., Cons. Engr., 
Alexander Potter ssocs., 50 
Church St., New York, N. Y. 
(N.Y.) 


Klein, J. A., Supt., Tr. Pit., She- 
boygan, Wis. (Cen. St.) 

Klein, Lewis, Supvr., Mt. Penn 
Boro., 221 Perkiomen Ave., Mt. 
Penn, Reading, Pa. (Pa.) 


Klein, Louis, Chief Analyst., Lanca- 
shire Rivers Bd., 50 Mosley St., 
Manchester 2, Eng. (ISP) 

Klein, William I., Cons. Engr., 21 
Maple Terrace, E. Orange, N. J. 
(N.J.) 


Kleiser, Paul J., Cons. Engr., Box 
, St 5S, Terre Haute, Ind. 
(Cen. St. ) 

Kleven, John, Supt., Sew. Pit., 


Grand Forks, N. Dak. (N. Dak.) 

Klinck, Frank, Plt. Opr., 408 West- 
minister Rd., Cedarhurst, L. L., 
N.Y. N.Y.) 
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Kline, H. S., Ind. Hyg. Engr., Frigi- 
daire Div., G.M.C., 37 Pointview 
Ave., Dayton 5, Ohio (Ohio) 

Klingbeil, hag | J., Asst. Chem., Sew, 
Tr. W 977 S. Ohio, Columbus, 
Ohio (Oitio) 


Kluck, Charles R., Asst. Engr., Pa. 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

Kmak, Michael J., Supt., Sew Pit., 
City Hall, E. Chicago, Ind. (Cen, 


St.) 
Knapp, Charles A., Des., The Dorr 
Co., Inc., 570 Lexington Ave., 


New York 22, Ms Xs MOLY.) 

Knapp, Lloyd D., Spec. Asst. Engr., 
Bur. of Engrs., 2947 N. 47th St., 
Milwaukee 10, Wis. (Cen. St.) 

Knechtges, O. J., Chem., 2222 Hol- 
lister Ave., Madison 5, Wis. (Cen. 
St.) 

Kneiszl, Leonard A., Asst. Plt. Opr., 
199 W. Ostrander Ave., Syracuse, 
N. ¥. YD 

Knight, C. H., The Dorr Co., Inc., 
80 Richmond St., W., Toronto 1, 
Ontario, Can. (Can.) 


Knight, H. R., Town Engr., Marion, 
Va. (Va.) 
Knittel, E. A., Water Supt., Lynden, 


Wash. (Pac. NW.) 


Knoedler, H. A., Inertol Co., 19 S. 
Park, San Francisco 7, Calif. 
(Calif.) 


Knollman, Fred, 2644 S. Lincoln St., 
Denver, Colo. (Rocky Mtn.) 

Knowles, Coyle E., Pres., C. E. 
Knowles Co., Inc., 10 Maltbie 
Rd., Gowanda, N. Y. (N.Y.) 

Knowlton, W. T., Cons. Engr., 1632 
S. Van Ness Ave., Los. Angeles 6, 
Calif. (Calif.) 


Knox, W. Homer, Prin. Asst. Engr., 
State Dept. of Health, State Depts. 
Bldg., Columbus 15, Ohio (Ohio) 

Knutson, Robert O., Lab. Asst., Sew. 
Tr. Pit., Austin, Minn. (Cen. St.) 


Kochtitzky, O. W., Jr., San. Engr., 
Health & Safety Dept., Tenn. 
Valley Authority, 420 Union Bldg., 
Knoxville, Tenn. (Fed.; Dual— 
Ky.-Tenn.) 

Koebig, A. H., Jr., Koebig & Koebig, 
Cons. Eners.. 458 S. Spring St., 
Los Angeles 13, Calif. (Calif.) 

Komline, T. R., Komline-Sanderson 
Eng. Corp., Box 444, Ridgewood, 
N. J. (N J.) 


Konwinski, S. Edward, Plt. On. 


60 Front St., Dunkirk, N 
(N.Y.) 
Koon, Ray E., Cons. Hydr. & San. 


Engr., Stevens & Koon, Spalding 
Bldg., Portland, Ore. (Pac. NW.) 


Koplowitz, £- 2162 69th St., Brook- 
lyn, N. Y. (N.Y.) 

Kopp, boo George, 
Corp., P. O. Box 976, 
Ga. (Ga.) 


Koruzo, John E., San. Engr., Hdg. 
3rd_ Army, 428 Parkway Dr., 
N. E., Atlanta 5, Ga. (Ga.) 


Kountz, R. Rupert, Asst. Prof., San. 
Eng., Pa. State College, Dept. of 
Civil Eng., State College, Pa. 
(Pa.) 


Hajova 
Savannah, 


Kozma, Albert B., San. Engr,, 406 
Raleigh & Loan Bldg., Raleigh, 
NN: ©. (ad 

Kramer, Harrison W., Cons. Engr., 
James W. Carey & Assoc., Alaska 
Trade Bldg., 1917 First Ave. 
Seattle 1, Wash. (Pac. NW.) 
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Kramer, Harry P., Opr., Sew. 

Plt. 510 Ruby, Joliet, Til. (Con: | 
St.) 

Kraus, L. S., Chem., Sew. Tr. Plt., | 
510 Albany, Peoria, lil. (Cen. 
St.) 
Krause, K. S., Pub. Health Engr., | 
State Dept. of Health, 113 Presi- | 
dent Court, Mason City, Ia. (Ia.) | 
Krause, Mark C., Cons. Engr., 10 | 
W. Fourth St., Williamsport 10, | 
Pa. (Pa.) 
Kremer, Robert W., Engr., Pa. Dept. 


of Health, First Nat’l. Bank Bldg., 
Greensburg, Pa. (Pa.) 
Kressly, Paul E., 
Del Mar Ave., 
Calif. (Calif.) 
Kreutter, Clarence, 
116 E. William 
N.Y. (H.) 
Krieger, Herman L., Grad. 
N. Y. Univ., 3510 Decatur 
New York 6/7, 


Engr., 2065 | 
Marino 9, 


Cons. 
San 


of Sewers, 
Waterloo, | 


Supt. 
St., 


Stud., 
Ave., 
Bronx, : 
(N.Y.) 
Kroeber, Frederick V., Sales 
Inertol Co., Inc., 437 N. 
St., Chicago 10, Ill. (Cen. 
Kenbeck, Allan J., Supt. 
Tr., City Hall, Monroe, 
(Mich.) 

Kroone, T. H., Sales Engr., 
Well Wks., 319 Plymouth 
Cleveland, Ohio (Ohio) 
Kropf, A., Ing., Haldenbachstr. 
Zurich, Switz. (Switz. 
Kruegel, J. L., City Hall, 
Mo. (Mo.) 

Krueger, A. L., City 
Maple St., Ferguson, 
Krum, Harry J., City 
Lab., Jefferson & Lawrence Sts., 
Allentown, Pa. (Pa.; Dual—N.Y.) | 
Kruse, R. H., Pres., Cambridge In- | 
strument Co., 3732 Grand Cen- 
tral Terminal, New York, N. Y 

( Assoc.) 

Kublank, 
Algonquin, 
Kuhl, F. A., Supt., 
Dept., Breese, Ill. 
Kuisel, H., Chem., 
22, Zuirch, Switz. (Switz.) 
Kulin, Harvey J., Engr., 
Pump Co., 4117 E. 
Indianapolis, Ind. (Cen. 

Kuljian, Harry A., Cons. 
H. A. Kuljian & Co., 1518 
nut St., Philadelphia 2, Pa. (Pa.) 

Kunkel, Martin F., USPHS, 816 
Woodside Parkway, Silver Spring, 
Md. (Fed.) 

Kunsch, Walter M., Engr. & Megr., 
Champaign- Urbana San. Dist., 
105 S. Race St., Urbana, Il. | 
(Cen. St.) | 

Kunze, Albert T., Supt., Wayne Co. 
Sew. Disp. System, 797 Central 
Ave., Wyandotte, Mich. (Mich.) 

Kveragas, J. C., Silver Lake Packing 
Co., 137 Franklin St., Scranton, 
Pa. (Pa.) 


Engr., 
Orleans 
St.) 


of Sew. 
Mich 


Amer. | 
Bldg., 


44, | 
Kirkwood, 
Engr., 115 


Mo. (Mo.) 
Chem., City 


Alvin, Pit.. | 


Ill. 


Opr., Sew. Tr 
(Cen. St.) 
Water & Light 

(Cen. St.) 
Goldauerstrasse 


Chicago 
35th St., 
St.) 
Engr., 
Wal- 


~ 


310 


Laberteaux, Kenneth, Engr., | 
W. Madison St., Hastings, Mich. | 
(Mich.) | 

Lacy, Ilbert O., Supt., Sew. Tr. Plt., | 
16 Spruce St., Lockport, N. Y. | 
(N.Y.) | 

Ladlow, John W., Sales Rep., P. O. 
Box 1784, Phoenix, Ariz. (Ariz.) | 


LaDue, Russell M., Gen. Megr., Con- | 
crete Pipe Machiney Co., oth & 
Division St., Sioux City, la. (Ia.) | 


Lafferty, W. R., Supt., Sew. Disp. 
one c/o P. O. Blackwood, Lake- 
land, mw. J: GV.) 


Lafreniere, Theodore J., Chief San. 


Engr., Ministry of Health, 80 E. 
Notre-Dame, Montreal, Quebec, 
Can. (Can.) 

Laidlaw, C. T., City Engr., Sarnia, 
Ontario, Can. (Can.) 

Lake, George, Wks. Supt., Whitney 
Twp., Porcupine, Ontario, Can. 
(Can.) 

Lakeside Eng. Corp., 222 W. Adams 
St., Chicago 6, Ill. (Corp., Cen. 
St.) 

Lalonde, Jean-Paul, Cons. Engr., 527 
Canada Cement Bldg., Montreal, 
Quebec, Can. (Can.) 

Lamar, W. L., Dist. Chem., U. S. 
Geol. Survey., Box 711, Raleigh, 
N. “2 

Lamb, Charles, Mayor, 159 Lindsay 


St. S., Lindsay, Ontario, Can. 
(Can.) 
Lamb, Charles B., Chem. Engr., 
Carbide & Carbon’ Chemicals 
Corp., 104 Veasey St., Charles- 
ton, W. Va. (W. Va.) 
zamb, Clarence F., Cons. Engr., 
Waterman Eng. Co., 86 Weybosset 


CONSOLIDATED MEMBERSHIP DIRECTORY 


St., Providence, R. I. (N. Eng.) 

Lamb, Miles, Engr., Chicago Pump 
Co., 2300 Wolfram St., Chicago 
18, Ill. (Cen. St.) 

Lambert, Francis J., Plt. Opr., 6 | 
Verona Ave., Batavia, N. Y. | 
(N.Y.) | 

Lambert, George, Drake, Colo. 
(Rocky Mtn.) 

Lamberton, Edwin P., Opr., Sew. 
a Pit., 278 Elgin Ave., Toledo 

, Ohio (Ohio) 

ia cle H. J., City Clk., Newton, 
Ia. (Ta.) 

Lamothe, Wilfred, Opr., Sew. Tr. 
Pit., 417 Clarendon St., Fitchburg, 
Mass. (N. Eng.) 

Lamoureux, Vincent B., USPHS, | 
Sub-Treasury Bldg., Wall, Nassau, 


& Pine Sts., New York 5, N. ¥ 


(Fed.) 


Lamping, Leonard L., Pres. & Mer., 
Walla Walla Concrete Pipe Co., 
Walla Walla, Wash. (Pac. NW.) 

Lamson, B. F., City  Engr., St. 
Catharines, Ontario, Can. (Can.) 

Lane, Frederick C., Engr., 11 Elm 
St., E., Sudbury, Ontario, Can. 
(Can.) 

Lane, Dr. Graham B., Porcupine 
Health Unit, Medical Office of 
Health, Timmins, Ontario, Can. 
(Can.) 

Langdon, B. J., Co. San. Engr., 
Butler Co. Health Dept., El 
Dorado, Kan. (Kan.) } 

Langdon, Paul E., Cons. Engr., | 
Greeley & Hansen, 220 S. State 
St., Chicago 4, Ill. (Cen. St.) 


Langdon, L. E., Sec., Pacific Flush- 
Tank Co., 4241 Ravenswood Ave., 
Chicago 13, Ill. (Cen. St.) 

angelier, W. F., Prof., San. 
Univ. of Calif., 
Lab., Berkeley 4, Calif. (Calif.) 

vangford, Leonard L., Eastern Sales 


— 


Mgr., Pacific Flush-Tank Co., = 
Lexington Ave., New York, N. 
(N.Y. and Pa.; Dual—Nn. Fae) 

Langlais, Zachie, Cons. Engr., 105 
Mountain Hill, uebec City, | 
P: 0. Can, Can.) 

Langshaw, C. L., 2 Selborne Man- 
sions, Selborne Rd., Croydon, 
Surrey, Eng. (ISE) 


i. J. a 
| & B 


Eng., | 
213 Eng. Material 





413 


Lanning, A. J., San. Engr., 


709 
Schiller Ave., Trenton 10, N. J. 


(N.J.) 

Lannon, William, Opr., Sew. Tr. 
Pit., 21 Bridge St., Putnam, Conn. 
(N. Eng.) 


10 Willard Ave., 
(N. Eng.) 

Opr., Sew. 
Toledo 


Lanphear, Roy S., 
Worcester 2, Mass. 

LePlante, Raymond M., 
Tr. Plit., 2520 Locust St., 
8, Ohio (Ohio) 


Larkin, Donald G., E. Bay Mun. 
Util. Dist., 1935 Marin Ave., 
Berkeley 7, Calif. (Calif.) 

Larkin, W. H., Dist. San. Engr., 
State Dept. of Health, Rm. 2003, 
15 Maiden Lane, New York 7, 
Ne YS Oy 

Larock, Arthus L., Sr., Supt. of 
Pub. Wks., 109 Hudson St., S. 
Glens Falls, N. Y. (N.Y.) 

Larsen, Ernest A., Asst. Plt. Opr., 
294 William, St., Geneva, N. Y. 
(N.Y.) 

Larson, C. C., Chem., Springfield 
San. Dist., Rt. 5, Springfield, Ill. 
(Cen. St.) 

Larson, Keith D., Chem., Sew. Tr. 
Fitz, 30. St. Paul, Minn. (Cen. 
St.) 

Larson, L. L., Chem., 1705 Ken- 
tucky Ave., Ft. Wayne, Ind. 
(Cen. St.) 

Larson, W. C., City Hall, Detroit 
Lakes, Minn. (Cen. St.) 

LaRue, Luther, Engr., Div. of Sew., 
501 Mun. Bldg., Akron 8, Ohio 
(Ohio) 


Lasaga, Andres, Engr., P. O. Box 14, 
El Paso, a (Tex.) 

Lassiter, L. San. Engr., Consoli 
dated Bd. Health, Wilmington, 
NEi eC, Cee) 

Latham, James K., 
Howard K. Bell, 
160 N. Arcadia 
Ky. (Ky.-Tenn.) 

i auer, be illiam N., 

21 . LaSalle 
iil (Cen, St. 

Lauramore, Horace 
Johns Manville 
Graham _ Bldg., 
(Fla.) 

Lauster, K. C., 


Cons. Engr., 
Cons. Engrs., 
Pk., Lexington, 


Engr., Dorr Co., 
St., Chicago 1, 
and Ia.) 

H., Sales Engr., 
Sales Corp., 319 
Jacksonville, Fla. 


S. A. Engr. (R), 

Federal Pub. Housing Authority, 

2814 Erie St., S. E., Apt. A-40, 

Washington 20, D. C. (N. Dak.) 

LaValley, Edward C., Tompkins Co. 

Health Dept., 105 E. Seneca St., 
Ithaca, N. Y. (N.Y 


Laverty, Francis J., Supt., Pub. 
Wks., City Hall, Ithaca, N. Y. 
(N.Y.) 

Lawrence, H. T., Cons. Engr., 1802 


Northwest 21st St., Oklahoma City 


6, Okla. (Okla.) 

Lawrence, Walter B., Research Engr., 
Jniv. of Calif., 1519 Walnut St., 
Berkeley 7, Calif. (Calif.) 

Supt., Sewers, Disp. 
Wks., Grimsby, Ontario, 
Can. 4 can) 
Lawson, W. R., Engr., Minn. Dept. 
of Health, 2304 28th Ave., S., 
Minneapolis 6, Minn. (Cen. St.) 
Lawson, W. S., Chief Engr., Dept. 
of Justice, Confederation Bldgs., 
Ottawa, Ontario, Can. (Can.) 
Layman, F. R., Engr., Lay- 
man Eng. Co., 315 E. Nettleton 

Rd., Jonesboro, Ark. (Ark.) 

Layson, J. Don, 1710 N. El Dorado 

St., Stockton 25, Calif. (Calif.) 


Cons. 
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Lea, H. W., Cons. Engr., 1226 Univ. 
St., Montreal, P. Q., Can. (Can.) 

Lea, J. E., The Lea Recorder Co., 
Ltd., Cornbrook Park Rd., Man- 
chester 15, Eng. (ISP) 

Leach, Walter L., Prin. Engr., 
Havens & Emerson, 1520 Wool- 
worth Bldg., 233 Broadway, New 
York 7, N. Y. (Ohio) 

Learn, H. C., Supt., Sew. Tr. Pit., 
107 Head St., Edgerton, Wis. 
(Cen. St.) 

Leary, Dennis M., Jr., 
305 4th St., 
(W. Va.) 

Leatherland, C. F., 


Cons. Engr., 
Beckley, W. Va. 


Village Clk., 


Acton, Ontario, Can. (Can.) 

Leaver, Robert E., Sr. Pub. Health 
Engr., Dept. of Health, Smith 
Tower, Seattle 4, Wash. (Pac. 
vW.) 

Lebetkin, George, Chem., Sew. Tr 
Pit., S. Meadows, Hartford, Conn. 
(N. Eng.) 

LeBosquet, Jr San. Engr., 
USPHS, E. "Thich & Kilgour Sts. 
Cincinnati 2, Ohio (Fed.) 


LeChard, Joseph H., Chief Engr., 
Atlantic City Sew. Co., Atlantic 
City, N. J. (N-J.) 

ae 0 Arthur B., Sales Engr 


C. Heyward, 1408 Independence 
Bide, Charlotte, N. C. (N.C.) 
Leclercq, E. P., San. Engr., Gibbs 
& Hill, Inc., Pa. Station, 

York 1, N. Y. (N.Y.) 

Lederer, K., Dir. & Gen. Megr., 
Mercury Tech. Cloth & Felt Corp., 
1265 Broadway, New York, N. Y. 
(Calif.) 

Ledford, George L., Opr., Sew. Tr. 
Pit., 8943 Jollet Ave., Niagara 
Ave., Niagara Falls, N. Y. (N.Y.) 

Ledford, L. H., Pub. Health Engr., 
Richmond Co. 
Augusta, Ga. (Ga.) 


Lediard, E. G., 4 Eldon Sq., New- 
castle-on-Tyne, Eng. (ISP) 
Lee, Charles H., Cons. Engr., 58 


Sutter St., San Francisco, Calif. 
(Calif.) 

Eee, BD. D., Opr., Sew. Tr. Pit., 
Elizabethtown, Ky. (Ky.-Tenn.) 

Lee, David B., Dir. 
Bur. of San. Eng., State Bd. of 
Health, Jacksonville, Fla. (Fla.) 

Lee, J. Douglas, Asst. Prof., Civil 
Eng., Queen’s Univ., Kingston, 
Ontario, Can. (Can.) 


New | 


Pub. Health Dept., | 


& Chief Engr., | 


Lee, Judson L., Opr., Sew. Tr. Pit., | 


615 King St., Stroudsburg, Pa. 


(Pa.) 
Lee, Ming, Grad. Stud., Univ. of IIl., | 
1011 W. Clark St., Champaign, 


Ill. (Cen. St.) 

Lee, Oliver, he Sew. Tr. Pit., 
102 N. Fourth’ St., Mt. Horeb. 
Wis. (Cen. St.) 

Lee, Oliver G Sewer Supt., 
Ta. (Ia.) 

Lee, W. Marston, Chem., 
ucts Div., Koppers Coal, 
7372, Oakland Station, 
13, Pa. (W. Va 


Ruthven, 


Tar Prod- 
Inc., Box 
Pittsburgh 


Leemaster, J.. F., Supt., Sew. Tr. 
Pit., Jackson Prison, Jackson, 
Mich. (Mich.) 

Leeson, Harold W., Sales Engr., | 
Builders Pacific, Inc., 2088 Bel- 
grave ~Ave., Huntington Park, 
Calif. (Calif.) 

LeFeber, Alfred, Cons. Engr., 731 


Temple Bar Bldg., Cincinnati, 


Ohio (Ohio) 





Lefever, K. W., Cons. Engr., 303 
Gazette Bldg., Little Rock, Ark. 
(Ark.) 

Leggat, F. H., Co. San. Insp., Pub. 


Health Dept., Shire Hall, War- 

wick, Eng. (ISP) 

Leggett, I. W., Worthington Pump 
Machine Corp., 2014 aad 


Life Bldg., Charlotte, N. 
(N.C). 

Leggett, John T., Field Engr., Los 
Angeles Chem. Co., 1960 Santa 
Fe Ave., Los Angeles 21, Calif. 
(Calif.) 

Leh, Willard, Sr. San. Engr., 1376 


Perkiomen Ave., Reading, Pa. 
(Pa.) 

Lehmann, Arthur F., Supt., Sew. Tr. 
Pit., 134 Cedar Ave., Hackensack, 
N.: J.. 403.) 

Leigh, H. G., 28 W. Leigh Rd., 
Blackburn, Lancashire, Eng. (ISP) 

Leinbach, Harry, Opr., Sew. Tr. Pit., 
234 Greenwich St., Kutztown, Pa. 
(Pa.) 

Leinbach, Kent, Sanitarian  Asst., 
Ind. Wastes, Pa. Dept. of Health, 
215 Main St., Watsontown, Pa. 


(Pa.) 
Leist, Ervin F., Supt., Water & 
Sew. Tr. Plt., 109 Seyfert Ave., 
Circleville, Ohio (Ohio) 


Leitch, Harold W., Dir. of Research, 


Pacific Mills, Lawrence, Mass. 
(Va.) 

Leland, Benn J., Sr. San. Engr., 
Cook Co. Dept. of Pub. Health, 


737 S. Wolcott Ave., 
Ill. (Cen. St.) 
Leland, Raymond I., Engr., San. 
Dist. of Chicago, 1436 W. Winona 
Ave., Chicago 40, Ill. (Cen. St.) 
Lemay, Lionel, Biochem., 
Pollution Control Bd., Montreal 
Univ., 2900 Mont-Royal Blvd. 
Montreal, P. Q., Can. (Can.) 
Lemcke, Ewald M., Maint. Engr., 
Orange Co. Joint Outfall Sewer, 
City Hall, Anaheim, 
Lemieux, R. A., City Mgr. & Engr., 
219A Davis St., Arvida, P. Q. 
Can. (Can.) 


Chicago 12, 


Lemke, Arthur A., San. Engr., Chi- 
cago Pump Co., 529 W.. Belden 
Ave., Chicago 14, Ill. (Cen. St.) 

Lendall, Harry N., Prof., Dept. 
Mun. & San. Eng., Rutgers Univ., 
New Brunswick, N. J. (N.J.) 

Lenderink, Andrew, 221 Commerce 
Bldg., Kalamazoo, Mich. (Mich.) 


Lenox, Jacob L., Resident Engr., 7 
Sherwood Pl., W. Orange, N. J. 
(N.J.) 


Lentfoehr, Charles E., Pit. Opr., 
Sew. Tr. Pit., 228 Allen St., May- 
ville, Wis. (Cen. St.) 

Leonard, O. M., Cons. Engr., 616 
Spring St., Michigan City, Ind. 
(Cen. St.) 

Leonard, W. V., Dir., Div. of Ind. 
Hygiene, State Bd. of Health, 215 
W. 20th St., Cheyenne, Wyo. 
(Rocky Mtn.) 

Leonard, Walter E., Opr., Sew. Tr. 
Wks., 102 Spring St., Willard, 
Ohio (Ohio) 

Leonhard, Harold M., Chem., Sew. 
Tr. Pit., 1820 Richmond, Lincoln 
Park, Mich. (Mich.) 


Lesher, C. E., Jr., San. Engr., H. K. 
Ferguson Co., 21555 N. Park Dr., 
Cleveland 16, Ohio (Ohio) 

Lessig, D. H., Opr., Sew. Tr. Pit., 

110% E. Center St., Warsaw, Ind. 

(Cen. St.) 
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LeVan, Howard A., Jr., 
Professional Engr., 
108 Walnut St., 
(Pa.) 

LeVan, Jame H., San. Engr. 

USPHS, 20. Elm St., 

Pie . Y. (Fed.) 


Registered 
Boro. Engr., 
‘Harrisburg, Pa. 


an, 
Great Neck, 


” 


Lewis, Bevan G., Plt. Opr., U. S. 
Govt., Poughquag, N. Y. (N.Y.) 

Lewis, C. J., Tech. Dir., Warner 
Co., Devault, Pa. (Pa.) 

Lewis, J. R., 383 Fourth St., San 
Francisco, ‘Calif. (Calif.) 


Lewis, John V., Dir., Bur. of Maint. 
& Operation, Dept. of Pub. Wks.. 
54 Court St., Rochester, N. Y. 
(N.Y.) 

Ley, Charles H., Sales Engr., Do- 
minion Wheel & Foundries, Ltd 
171 Eastern Ave., oronto 2, 
Ontario, Can. (Can.) 

Ley, Herbert H., Chicago Pump Co., 
4609 N. Claremont, Chicago 25, 
Ill. (Cen. St.) 

Liddle, Elmo G., Bur. 
555 Clinton St., 


of Plumbing, 
Detroit, Mich. 


(Mich.) 

Liebman, Henry, Dept. of Pub. 
Wks., 125 Worth St., New York 
13, NM. ¥. CE.) 

Lilly, R. G., Chem., State Water 


Control Bd., 815 E. Franklin St., 


Richmond, Va. (Va.) 

Lincoln, Robert A., Cons. Engr., 1 
Hillside Ave., Great Neck, N. Y. 
(N.Y.) 


Lind, A. Carlton, Chain Belt Co., 
1600 W. Bruce St., Milwaukee 4, 
Wis. (Cen. St.; Dual—N.Y.) 

Lindell, O. V., Engr.-Sales, The Dorr 
. te N. LaSalle St., Chicago 

(Cen. St.) 

ity, D. J., Dist. Bact., Pet Milk 
Co., Hudson, Mich. (Mich.) 

Lindsay, B. M., Rep., Wallace & 
Tiernan Co., Inc., 11 Mill St. 
Belleville, N. J. (Assoc.) 

Lindsley, R. V., Tech. Asst., Minis- 
try of Wks., 394 Yardley Wood 
Rd., Moseley, Birmingham, Eng 
(ISE) 

Lindsten, H. C., Wallace & Tiernan 
Co., 301 Bank of Hamilton Bldg. 


Winnipeg, Manitoba, Can. (N. 
Dak 

Link-Belt Co., Att: Frank W. 
Lovett, 300 W.. Pershing Rd., 


Chicago 9, Ill. (Corp., Cen. St.) 


Linthicum, H. M., Des. Supvr.. 
Sew. Disp. System & Pit., 1882 
Southwest 14th Terrace, Miami 
35, Fla. (Fla.) 

Lippelt, Hans B., 


9428 78th St., 
Ozone Park, N. Y. (N.Y.) 


Littlefield, Emery S., Superintendent, 
Sanford Water Dist., Alfred, Me. 
(N. Eng.) 

Lium, E. L., Prof., Civil Eng. & 
Head of Dept., Univ. of N. Dak.. 
Grand Forks, N. Dak. (N. Dak 


Livingston, L. E., Mfgrs. Rep., 
3921 Purdue St., Dallas 5, Tex. 
(Tex.) 


Livingstone, David, Des. Engr.. 
James W. Carey & Assocs., 1917 
First Ave., Seattle, Wash. (Pac. 
NW.) 

Lloyd, G. H., Canadian Locomotive 
Co., 610 Federal Bldg., Toronto, 
Ontario, Can. (Can.) 


Lloyd, Ll., The University, 
2, Eng. (ISP) 

Lloyd, M. P., Supt., 
Hillsboro, N. C. (N 


Leeds 


Water Dept., 
C.) 
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Joliette, 


Opr. 
: 0 Bon 89A, Collexe | 


Janes- 


y, W. r L., City Engr. & Water | 


, Pub. 
Elizabeth 


Liquid Conditioning 





Tt. 
11, 


, 2008 
Washington 
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Auburn, 
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gr., Carbide 
a O. Box 
fa. (W. 


of 


>, Buffalo, 


Engr., 
Calif. 


Sewer 





St., 


Fe 

Port 
(N.Y.) 
Engr., 
ndatanl 


Jr. 
gr., Columbus W: ater W ks., 


221 
. (NY.) 
agit Chi- 
153 Oakland St., 
(N.Y.) 


“Tr: 


Del Paso 


\ Jey SOE, 
, 404 Stillwell Court, 


gr., 401 
Cleveland 


731 


Cincinnati, 


Mitchel 
Franklin 


Comm., 


S, 19th & Constitution Av 


Va. 


, oy 


Rd., 


. of 
Nova 


gr., Gore 
Toronto 


‘ .. 126 Golfdale 
Rd., Toronto, Ontario, Can. (Can.) 
Box 
Can. 


I, Piqua, Ohio (Ohio) 


; ) 
| ee MacLean, William D., 


. Engr., 
an., 
Toronto, 


310 ‘City Pall Phony 


i e 


| MacLellan, Murdock T., Sales Engr., 
Greenfield, Mass. 


Richmond Hill, L. 1. Francis St., Mobile 1i, | 
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Matheson, Donald M., Engr., 
Chem. Co., Ltd., Eng. 


1917 Sun Life Bldg., Montreal, 
Quebec, Can. (Can.) 

Mathews, E. R., San. Chem., State 
Bd. of Health, Div. of San. Eng., 
Pierre, S. Dak. (S. Dak.) 

Mathews, Frank E., Supt., Sew. Tr. 
Pit.. P. O. Box 487, Ellensburg, 


Wash. (Pac. NW.) 

Mathews, W. W., Supt., 
Dist., P. O. Box 388, 
(Cen. St.) 


Gary San. 
Gary, Ind. 


School of 





Matlock, J. Ray, Dir., 
Civil Eng., Univ. of Okla., Nor- 
man, Okla. (Okla.) 

Matter, L. D., Dist. Engr., Pa 
Dept. of Health, 2536 Lexington 


St., Harrisburg, Pa. (Pa.) 
Mattern, G. L., Mattern & Mattern, 
Engrs., Roanoke, Va. (Va.) 
Mattern, R. G., Contractor, Sew. Tr. 
Pit., Wolf Creek Pike, Dayton, 
Ohio (Ohio) 
Mattice, George, Opr., Sew. Tr. Pit., 
303 Terry Rd., Syracuse, N. Y 


(N.Y.) 

Mau, Gordon E., San. Engr., U. S 
Nations Relief & Rehabilitations 
Admin., 414 E. — St., New 


Hampton, Ia. (Ia.) 


Maurer, Joseph A., Registered Pro- 
fessional Civil Engr., 1307 
llth St., Reading, Pa. (Pa.) 

May, D. C., Ayres, Lewis, Norris & 
May, Cons. Engrs., 506 Wolverine 
Bldg., Ann Arbor, Mich. (Mich.) 

May, Harold L., Engr., Water & 
Sewer Div., City Hall, Palo Alto, 
Calif. (Calif.) 

Mayeron, Harry, 1004 Marquette 
Ave., Minneapolis, Minn. (Cen 

Arthur H., Cons. Engr., 


Mayne, 
5034 S. E. Steele, 


34 Portland, Ore 
Pac. NW.) 


Nichols | 


Service, | 


McAdoo & Allen Welting Co., S 
Hellertown Ave., Quakertown, Pa. 
Corp., Pa.) 

McA wee Paul J., Engr., Link 
Belt 2045 Hunting Park Ave., 
Philadelphia, Pa. (Pa. 

7 Arthur, Franklin, Twp. Engr., 
tobicoke Twp. Hall, Islington, 
tario, Can. (Can.) 

M ney W. A., Town Engr., 

Weston, Ontario, Can. (Can.) 


Constr. Supt., 
Bridgeport 4, 


McAuley, William F., 
20 Atlantic St., 
Conn. (N. Eng.) 


McBride, George A., Mer., Detroit 


Oifice, Infilco, Inc., 1370 Harvard, | 
Grosse Pte. Pk., Detroit 30, Mich. 
( Mich.) 

McBrien, S. R., Supt., Pub. Util. 
Comm., Aylmer, Ontario, Can. 
Can.) 

McCabe, Brother Joseph, Instructor, 
Manhattan College, — n Duyvil 
Parkway, New York, N. (N.Y.) 

McCall, R. G., Assoc. aa State 
Health Dept., Charleston, W. Va. 
(Cen. St.; Dual—W. Va.) 


Western Mer., 
Saskatche- 
Manitoba, 


McCallum, Allan W., 
Anthes Foundry, Ltd., 
van Ave., Winnipeg, 
Can. (Can.) 

McCallum, G. E., San. Engr. 
USPHS, 707 Pere Marquette Bldg., 
New Orleans 12, La. (Fed.) 

McCannel, D. A. R., City Engr., 
City Hall, Regina, Saskatchewan, 
Can. (Can.) 


McCarthy, Joseph A., Chem., Lawr- 
ence Experiment Station, 4 Island 
St., Lawrence, Mass. (N. Eng.) 

McClain, E. C., Supt. of Streets, 
1552 Second St., Lebanon, Ore. 


(Pac. NW.) 

McClave, S. Wood, Jr., Cons. Engr., 
600 Gorge Rd., Cliffside Park, 
N. J. (N.J.) 


McCleary, E. L., Mgr., Dallas Water 
Comm., Dallas, Ore. (Pac. NW.) 

McClenahan, W. T., San. Engr., 
San. Dist. of Chicago, 910 S 
Mich, Ave., Chicago 5, Ill. (Cen. 
St.) 


McClure, Ernest, Opr., Sew. Tr. 


Pit., Galva, Ill. (Cen. St.) 
McColl, Eli S., 2509 E. Broadway, 
Long Beach 3, Calif. (Calif.) 


Mayor, Town 
Ontario, 


McConkey, L. W., 
Hall, Niagara-on-the-Lake, 
Can. (Can.) 

McConnell, Charles A., Jr., Asst 
Chief Opr., Lebanon Sew. Tr 
Pit., 1042 Guilford St., Lebanon, 
Pa. (Pa.) 
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McCoombs, John A., Supt., Pub. 
Wks. & Water Wks., Kenora, On- 
tario, Can. (Can.) °* 

McCormack, T. K., Jr. San. Engr., | 
Nassau Co. Dept. of Health, 60 
RY Lane, Hicksville, N. Y 
(N.Y. | 

McCoy, al R., Chem., San. Div., 
Diamond Alkali Co., 535 Smith- 
field St., Pittsburgh, Pa. (Ohio 


and Pa.) 

McCracken, Roy, Asst. Tech. Supt., 
E. I. DuPont de Nemours & Co. 
Inc., Waynesboro, Va. (Va.) 


McCrady, MacHarvey, Chief of | 
Labs., Ministry of Health & Social 
Wel 7% 89 Notre Dame, E. Mont- 
real, P. Q., Can. (Can.) 

aa Melvin S., Tech. Asst. 
to Mer., W. Va. Pulp & Paper | 


Co., Williamsburg, Pa. (Pa.) 
McCreery, Don Hull, Suite 300, 


816 S. Figueroa St., Los Angeles 
14, Calif. (Calif.) 
McCue, J. S., 41 Park Rd., 


Chester-le-St., Co. Durham, Eng 
(ISP) 

McCullough, Paul J., Supt., Water 
& Sewers, Cadiz, Ohio (Ohio) 
McCutcheon, J. R., Jr., Dist. Rep., 
Amer. Car & Foundry Co., 2224 
Farmers Bank Bldg., Pittsburgh, 

Pa. (Ohio) 


McDill, Bruce M., Asst. Engr., Ohio 
Dept. of Health, 302 Depts. of 
State Bldg., Columbus 15, Ohio 
(Ohio) 

McDonald, Earl F., Sanitarian, City | 
Health Dept., Huntington, W. Va 
(W. Va.) 


McDonald, F. L., Chief San. Engr., 
State Bd. of Health, 1725 N. 
Monroe, Little Rock, Ark. 

McDonald, G. S., Civil Engr., Sir 
Herbert Humphries & McDonald, 
Navigation Chamber, 90 Naviea- 
tion St., Birmingham, Eng. (ISE) 

McDonald, James, Insp., Mich. 
Stream Control Comm., P. O. Box 
87, Lansing 1, Mich. (Mich.) 

McDonald, James E., Civil & Constr. 
Engr., McDonald & McDona!d, 
Engrs., 402 W. Church Ave., 
Knoxville, Tenn. (Ky.-Tenn.) 

McDonald, John D., Opr., Sew. Tr. 
Pit., 67 Hartford Terrace, Spring- 
field, Mass. (N. Eng. 

McDonald, N. G., Cons. Engr., Gore 
& Storrie, 1130 Bay St., Toronto 


5, Ontario, Can. (Can.) 


(Ark.) 
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McDonnell, George H., 16 Carew 
St., S. Hadley Falls, Mass. (N.Y. 
McDowell, W. M., 18 matininiohd 


St., Barrhead, Renfrew, Scotland 
(ISP) 

McFarland, William H., Cons. Engr., 
12 Elizabeth St., Port Dickinson, 
Binghamton, N. Y: (N 

McFarlane, Walter D., Our. Sew. 
Tr. Pit., 14365 Marlowe Ave., 
Detroit 27, Mich. (Mich.) 


McFaul, W. L., City Engr., City 
Hall, Hamilton, Ontario, Can. 
(Can.) 


McGauhey, P. H., Prof., San. Eng., 
Va. Polytechnic Inst., Blacksburg, 
Va. (Va.) 

McGee, Ben Loyd, Gen. Supt., 
Water & Sew. Wks., Weingarten, 
Mo. (Mo.) 

McGeorge, W. L., San. Engr., 1708 
S. E. Bybee, Portland 2, Ore. 
(Calif.) 

McGoodwin, L. M., Cons. Engr., 
Goshen Rd., Fayetteville, Ark. 


(Ark.) 

McGrail, Paul J., Cons. Engr., 
Russell & Axon, 408 Olive St., 
St. Louis 2, Mo. (Mo.) 

McGrath, C. P., Cons. Engr., 116 
Clinton St., Mt. Clemens, Mich. 


(Mich.) 

McGregor, Albert L., Chief Opr., 
Boca Raton Air Field Sew Plt., 
825 S. Federal Highway, Boynton 
Beach, Fla. (Fla.) 

McGuire, Carl D., Sr. Chem., Sew. 
Tr. Wks., 448 Clinton St., Colum- 
bus 2, Ohio (Ohio) 

McGuire, J. M., Gen. Mer., Assoc. 
Chemicals, Ltd., 14 Darrel Ave., 
Toronto, Ontario, Can. (Can.) 

McGuire, M. H., Gen. Mgr., Water 
& Light Dept., McMinnville, Ore. 


(Pac. NW.) 

McGuire, O. E., San. Engr., Mich. 
Dept. of Health, Escanaba, Mich. 
(Mich.) 

McGuive, P. J., Western Div. Mer., 
Oliver United Filters, Inc., 2900 
Glascock St., Oakland, Calif. 
(Calif.) 

McHugh, Basil, City Engr., City 


Engrs. Office, Renton, Wash. (Pac. 


NW.) 

McHugh, C. J., Clerk, Town Hall, 
Riverside, Ontario, Can. (Can.) 
Mellvaine, William D., Jr., Dir.. 
Eng. Extension Service, Univ. of 
Ala., University, Ala. (Tex.) 
McInerney, Gerald J., Opr., Sew. Tr. 
Pit., 544 S. Main St., Elmira, 

N. Y. (N.Y.) 


McIntire, James N., Water Analyst, 


Amer. Viscose Corp., Parkersburg, 
W. Va. (W. Va.) 
McIntosh, Pierce B., Civil Engr., 


3066 Crandall Ave., N. Sacra- 


mento 15, Calif. (Calif.) 
McIntyre, F. J., Dir., Water & 
Chem. Lab., 58 Olentangy St., 
Columbus 2, Ohio a 


McIntyre, John C., 30x 381, 
Sausalito, Calif. (Calif. 


McIntyre, L. S., Chem. Equip. Co., 
P. O. Box 3098, Terminal Annex, 


Los Angeles 54, Calif. (Ariz.) 
McKay, R. Donald, San. Engr., 
Dept. of Pub. Health, Halifax, 
Nova Scotia (Can.) 

McKay, W. G., Asst. Engr., Under- 
wood & McMillan, 502 Grain 
Bldg. Saskatoon, Sask., Can. 
(Can 
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McMullen, William, Sew 


— Louis A., Ie, 


Stoneham 80, Mass. 


McKee, S. C., Co. San. Engr., ‘ : 
J 1019 S. Courtland, Koko: 


— 


McKeeman, Edwin cS i of San., Joseph, Town Foreman, 
12 ‘ 


Harold K.,_ Chem., 





State Office Bldg., 


. Box 210, Jacksonville 
) 





Maurice L. Miller, 





W orthington P ump & Ma 1 ~ 
N.Y. 


McMahon, Walter A., 
x, P. 2, 5 


McManamna, T. L., 1018 Pyramid *plde., 


Rd., London, Ontario, Can. 


McMenamin, C. B., S 


USPHS, 7 ied & 
Kilgour, Cincinnati 


Milam, J. H., City Megr., 
Dunbar, Dunbar, W. Va. 


se Henry J., Prof., 
.-& M. College of ‘Te. 








Willow Grove, Pa. 


fice Building, Richmond, Va. 


Vol. 


Milla 


Mill 


Mil 


Mil 


Mil 
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Millar, J. H., Assoc. San. 
Div. of San. Eng., State Dept. 
Health, Charleston, W. Va., 
Va 


of 
(W. 


R. W., Rep., Johns- 

Manville Corp:, 2300 Fifth” Ave., 

N., Great Falls, Mont. (Mont.) 

i j. 3: oe Wks., 

nor Farm, Reading, 

(ISP) 

Miller, Alden W., Sales 
Johns-Manville Sales Corp., 
N. 13th Ave., Phoenix, 
( Ariz.) 

Miller, Arthur P., San. Eng. Dir., 
USPHS, Rm. 2723 Social Security 
Bldg., 4th & Independence, S. W., 
Washington, D. C. (Fed.) 

Miller, David R., San. Engr., Cente 

ib. Wks. Dept., 131, Us S.N. TC. 
Great Lakes, IIl. (Cen. t.) 
l ae A. —. 


Millensifer, 


Sew. 





Ariz. 


Pit., E. 
‘Gievdond, Ohio 
Frank H., Asst. 
of Health, Essex 
Va. (Va.) 
Miller, Frederick M., P. O. Box 773, 
Glenwood Landing, N. Y. (N.Y.) 
Miller, J. John, Cons. Engr., Kappe 

A 3569A S. Stafford St., 

Arlington, Va. (Pa.) 
Miller, John B., San. 

f San. Eng., State Bd. 
Jacksonville, Fla. (Fla.) 
Miller, John E., Engr., 

Constr. Div., State Admin. Bd., 
1204 N. Jenison St., Lansing, 
Mich, (Mich.) 
Cons. 
Box 





(Ohio) 
Engr., 
Bldg., 


Miller, 
Dept. 
Norfolk, 


SsOcs., 


Engr., Bur. 
of Health, 


Engr., 
206, 


Leon L. Schoel & 
Ta. (Ta.) 

Lewis B., Prof., Dept. of 
Eng., Univ. of Cincinnati, 

Ohio (Pa.) 

Miller, Maurice L., Cons. Engr., 
McDowell Bldg., Louisville 2, 
(Cen. St. and Ky.-Tenn.) 

Miller, Nathan, Asst. Civil Engr., 
Dept. of Pub. Wks., 5816 Spencer 

e., New York 63, N. Y. (N.Y.) 

Miller, Noble, Supt., Sew. rit., 
City Hall, Orleans, Ind. (Cen. St.) 

Miller, Norman A., Opr., Sew. Tr. 
Pit., 4733 W. Jefferson, Trenton, 
Mich. (Mich.) 

Miller, Olly G., 
Simcoe St., S 
Can. (Can.) 

Miller, Perry E., 1098 W. Mich. St 
Indianapolis 7, Ind. (Cen. St.) 

Miller, Robert F., Registered 
fessional Engr., 126 . Rowe 
Tamaqua, Pa. (Pa.) 

Miller, W. C., City Engr., 
stone Ave., St. Thomas, 
Can. (Can.) 

Milligan, Francis B., Engr., Pa. 
Dept. of Health, 2314 Walnut St., 
Camp Hill, Pa. (Pa.) 

Milliken, Harold E., Assoc. San. 
Eng State Bd. of Health, 2553 

N. E. Dekum St., Portland 

Ore. (Pac. NW.) 

Milling, Martin A., Cons. 
R. R. 8, Edgewood Ave., 
son, Ind. (Cen. St.) 

Mills, J. Ralph, Supt., Univ. 
Tr. Wks., Box 150, Melrose, Fla. 
(Fla.) 

Mills, W. Stuart, 
Bros. Ltd., Mun. Sales, 
Aurora, Ontario, Can. (Can.) 





“Spenc er, 


\Tiller, 
Assoc., 

Miller, 
Chem. 
Cincinnati, 


7S. 


Engr., 774 
Ontario, 


City 
Oshawa, 


67 Glad- 
Ontario, 








Ander- 


Salesman, Peacock 


Engr., | 


Berkshire, | 


Engr., | 
1833 | 


Easterly 
140 & Lake Shore | 


Va. | 


Bldgs. & | 


Miller | 
Streator, | 


408 | 
Ky. | 


Pro- | 
Stil 


11, | 


Engr., | 


Sew. | 


Box 214, | 


Miltner, E. F., Sew. Disp. Div., 
205 City Bldg., Wichita, Kan. 
(Kan.) 

Minneapolis-St. Paul San. Dist., Att: 
Kerwin L. Mick, Supt., Box 3598, 
St. Paul 1, Minn. (Corp., Cen. 
St.) 

Mirgain, F. C., Prof., Civil Eng., 
Rutgers Univ., New Brunswick, 
NW. y. GES) 


Misner, David M., Sales Engr., C. R 
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Swaney Co., 335 Newbury St., 
Boston 15, Mass. (N. Eng.) 

Mitchell, Burton F., Cons. Engr., 
P. O. Box 147, Foxboro, Mass. 
(N. Eng.) 

Mitchell, Louis, Dean, College of 
Applied Science, Syracuse Univ., 
Syracuse, N. Y. (N.Y.) 
Mitchell, T. S., Supt., City Util. 
Dept., Greenville, Tex. (Tex.) 

Mitzel, Robert W., Supt., Sew. Disp. 
Pit., City Hall, York, Pa. (Pa.) 

Mizer, Clifton, Maint. Man, Sew. 
Tr. Pit., 3827 Baltimore  St., 
Toledo 12, Ohio (Ohio) 

Modak, N. V., City Engr., Bombay 
Mun., Bombay, India (ISP-Eng.) 

Moehr, Louis H., Civil Engr. & 
Surveyor, Wayne Co. Drain. Comm 
Comm., 1717 Superior St., Wyan- 
dotte, Mich. (Mich.) 

Moeller, Carl, Opr., Plt. Main Eng 
II, Ind. State Farm, R. R. No. 2 
Greencastle, Ind. (Cen. St.) 

Moeller, William H., 12 Grand PI., 
Arlington, N. J. (N.Y 

Mogelnicki, Stanley J., Engr., Waste 
Disp., Dow Chem. Co., 1512 W. 
Union St., Midland, Mich. (Mich.) 

Moggio, W. A., La. State Univ., 
Eng. Expt. Sta., Baton Rouge 3, 
La. (N.C.) 

Mohlman, Dr. F. W., Dir., Div. of 
Lab., San. Dist. of Chicago, 910 | 
S. Mich., Chicago 5, Ill. (Cen. | 
St.) 

Moir, Edgar, Vice-Chmn., Pub. Wks. 
& Properties Committee, 210 
Geneva St., St. Catharines, On- 
tario, Can. (Can.) 

Moir, Robert W., 2077 Common- 
wealth Ave., Auburndale 66, Mass 
(N. Eng.) 

Molitor, na P., Supt:, Sew: Tr. 
Pit. 2 ‘g Box 41, Chatham, 
N. J. NJ 

Molitor, act Jr., Supt., Madison- 
Chatham Jt. Meeting, P. O. Box 
281, Rutherford, N. J. (N.J.) 

Moll, Bernard, San. Engr., City Hall, 
Grand Rapids, Mich. (Mich.) 

Moncrieff, James I., Sales Engr., 
Diamond Alkali Co., 138 White 
Horse Pike, W. Collingswood, 
N. J. (N.J.) 

Monk, H. E., County Analyst, Ses- | 
sions House, Maidstone, Kent., | 
Eng. (ISP) 

Monroe, Stanley G., San. Engr. (R), | 
USPHS, 513 Santa. Fe Bldg., 
Dallas, Tex. (Ohio) 

Monroe, W. C., Supt., Sew. Tr. Plt., 
918 Caribou St., E., Moose Jaw, 
Saskatchewan, Can. (Can.) 

Monsell, Harry M., Supt. of Sewers, 
525 First St., Greenport, N. Y. 
(N.Y.) 

Montana State Dept. of Fish & 
Game, Att: A. G. Stubblefield, | 
Supt., State Fisheries, Helena, 
Mont. (Corp., Mont.) 

Moor, Alex, Plt. Opr., 202 Dellwood 
Rd., Eggertsville, N. Y. (N.Y.) 


| 
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Moor, W. C., Chem., Chg. of Sew. 
Pit., Armour & Co., Stock Yards 
Station, Ft. Worth 6, Tex. (Tex.) 

Moore, Austin K., 4620 Korte St., 
Dearborn, Mich. (Mich.) 

Moore, C. C., Dist. Mgr., Pittsburgh 
Equitable Meter Co., 409 Bona 
Allen Bldg., Atlanta, Ga. (Ga.) 

Moore, Charles A., Opr., Sew. Disp. 
Pit., 450 Green St., Royersford, 
Pa. (Pa.) 

Moore, Edward W., Assoc. Prof., 
San. Chem., Harvard Univ., 112 
Pierce Hall, Cambridge 38, Mass. 
(N. Eng.) 

Moore, Emmett B., Prof., Wash. 
State College, 307 Colo. St., Pull- 
man, Wash. (Pac. NW.) 

Moore, F. Owen, San. Engr., 484 
Upper Richmond Rd., Barnes, 
S. W. 15, Eng. (ISE) 

Moore, George S., Supt., Water & 
Light Dept., Albemarle, N. C. 
(N.C.) 

Moore, George W., State Dept. of 
Health, 110 Richland St., Roches- 
ter 9, N. Y. 

Moore, H. party ye Engr., 
Metcalf & Eddy, 1300 Statler 
Bldg., Boston 16, Mass. (N. Eng.) 

Moore, J. Newlin, Mgr., A. Austin 
Bicking Paper Mfg. Co., 223 E. 
Lancaster Ave., Downington, Pa. 
(Pa.) 

Moore, Lee S., Pub. Health Sani- 
tarian, State Health Dept., 400% 
E. Van Trees St., Washington, 
Ind. (Cen. St.) 

Moore, R. B., Cons. Engr., R. B. 


Moore Co., 1456 N. 
Indianapolis 2, Ind. 
Moore, R. L., Opr., 
Wks., Cooper - Bridge, 
Yorkshire, Eng. (ISP) 
Moore, W. A., Chem., 
Third & Kilgour Sts., 
2, Ohio (Fed.) 
Moorhead, Truman 
Smith & _ Gillespie, 
Tavaras, Fla. (Fla.) 
Moran, John B., State Dept. of 
Pub. Health, 11 Warren Ave., 
Marlborough, Mass. (N. Eng.) 
Morehouse, W. W., Dir., Dept. of 
Water & Sewers, Rm. 309, Mun. 
Bldg., Dayton 2, Ohio (Ohio) 
Morgan, Clifford, San. Engr., Crocker 
Ryan, Cons. Engrs., 408 Mun. 
Bldg., Denver, Colo. (Rocky Mtn.) 
Morgan, Edward F., Jr., ot Pub. 
Wks., Hudson, Mass. (N. g.) 


Morgan, George, Gen Megr., aes 
lic Co. of Can., 200 Bay St., 
Toronto 1, Ontario, Can. (Can.) 


Morgan, L. S., Dist. Engr., Pa. 
Dept. of Health, Rms. 410-417, 
First Nat’l. Bank Bldg., Greens- 
burg, Pa. (Pa.) 

Morgan, Philip F., Research Engr., 
Nat’l. Council for Stream Im- 
provement, 513 Davis St., Kala- 
mazoo, Mich. (Cen. St.; Dual— 
Mich.) 

Morgan, S. H., Boro. Engr., 
Hall, Rochdale, Lancashire, 
CISP.) 

Morgenroth, Fritz, Cons. Engr., 
Lake St., Brighton 35, Mass. 
Eng.) 

Morin, A., Town Engr., 407 _ 
Melancon, St. Jerome, P. Q., 
Can.) 


Delaware St., 
(Cen. St.) 

Brighouse Sew. 
Mirfield, 


USPHS, E. 
Cincinnati 


Engr. 


Orren, ‘ 
326, 


Box 


Town 
Eng. 


156 
(N. 


Morkert, Kenneth, Civil Eng. Dept., 
Univ. of Fla., P. O. Box 1187, 
W. Palm Beach, Fla. (Fla.) 
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Morrill, Arthur B., Cons. San. Engr., } Moya, Ing. Victor Jose, Con. Engrs., | Myers, Ernest A., 15 Perkins : 
China. Mission of World ame | Avenida Juarez, No. 60-207 y Wakefield, Mass. (N. og si Nep 
Organization, Nat’l. Inst. f | 208, Mexico, D. F., Mex. (Pa.) Myers, R. N., Cons. E . rc 
Health, No. 1 Huangpu Rd, Moyer, Jesse, Supt., Sew. Tr. Wks.,| Church St., Bittston, Pa. (Pa es Nesi 











ry. . “Ls . + | 
Nanking, China (Mich.) 151 N. Cherry St., Germantown, | : 
. - B., Chem. Salesman, 2303 | Ohio (Ohio) P 
ampden Ave., St. Paul 4, Minn. | ssatlis oe, > Naegeli, W., I Ste sstr. 3¢ E 
(Cen. St.) oe oe seg ie Winterthur” (Zch.). ea Neu 
ee a oo 0 Supt., Unit, Brantford, Ontario, Can. { Naehr, Harry F., Supt. of Pits., Ft _ 
Maint. per., Northeast Sew. (Can.) Benning, Box 1523, Ft. Benning. \ 
Tr. Plt., Richmond St. & Wheat- | \fudge John R., Pres. & Gen. Mer | Columbus, Ga. (Ga.) enning, Neu 
sheaf Lane, Philadelphia 37, Pa. Chem Ec nin. Co. P O 7 B at N. e BE. 1... Pi O , x 
(Pa.) Chem. Equip.  P. ; ox | Nance, s pr., Water St 

3098, Terminal Annex, Los Angeles | Dept., Charlotte, mn. S CAC.) 

Morris, Grover L., Asst. San. Engr., 54, Calif. (Ariz.) | Nangle, B. A., San. Engr State Bd Nev 
Cale rate Dept. of Health, 1621 | Mudgett, C. T.. Supt., Sew. Tr. Pit.,| of Health, Pierre, S.° Dak. (5 
(Okla.) son, © é y, a. Muskegon, Mich. ( Mich.) | Dak.) H 

- ao Muegge, O. J., San. Engr., State | Napier, Charles E., Sales Engr... S 

— ig PE 7_—" sob — Bd. of Health, Rm. 462, State Of- | Consolidated Engines & Mach. Co., Nev 

(Pa ag ’ ot., & sa. fice Bldg., Madison 2, Wis. (Cen. | a —_ 408, 200 Bay St., me 
— St.) | Toronto, Ontario, Can. (Can.) 

Morris, T., Megr., Mountain Water Mueller Co 512 W. Cerro Genio | Nasi Kaarlo W Sr na ‘" ee 
Supply Co., Rm. 215, 15 N. 32nd | “ct. Decatur. Ill. (Assoc.) Ener. USPHS. 1407 U.S. An Nev 
S- Sshiedachin 4. Pa. (Pa) catur, Ill. (Assoc. ungr., K 5, 7 U. S. Ap te 
t., Philadelphia 4, Pa. (Pa Muller, C. G. Citv Insp. Dept.,|  Praisers Bldg., San Francisco 11 

Morrisey, Richard A., Water Supply 26 Ritchot. St... St. ge eg | Calif. (Calif.; Dual—Fed.) Nev 
& Sew. Engr., 16 Potter St., Lacey Manitoba, Can. (Can.) Nason, Edward Mck., Dir., Dept ~ 
Fk, Mateo, Fa. (Pa) Mullinex, Charles D., Cons. Engr.,| Of ,Wks., St.John, New Bruns- 

Morrison, George A., Mining Engr., 1 R Green Eng. Co.. 208 a0 wick, Can. (Can.) Nev 
tet tage a roe _ Bever Bldg., Cedar Rapids, Ia Nassau Co. Dept. of Pub. Wks., 
a ce ees am (Ia.) | = i Fred he nom Old Co . 

. Ivihj eta io ‘ourt ouse, Mineola, N. \ ee 

Morrison, James E., Supt. of Util., ie 1, oo. _- (Corp., N. Y.) si: » 
aaa Renton, Wash. (Pac. N. W., Washington 6, D. C. (Pa.) | National Counce for Stream Im- Bs 
NW. ; > . 2 > provement, Pulp, Paper & Paper- ey 

Morrison, John H., Pres. & Chief an haan” ein S| board Tndustries, Att: ‘Bae 1 : 
Engr., Morrison Eng. Co., 627 ean: Wing ian) ‘| Winget, 271 Madison Ave., New , 
Monroe Ave., Helena, Mont. pest ty aha gpa : York 16, N. Y. (Corp., N. Y.) Ne) 
(Mont.) Munroe, Henry F., 75 Paine Ave..| wiser Louis A Jr., O : s op I 

. IE Ne , Louis A., Jr., - sew. Tr. 

Morrow, Ben S., City Engr., Water reniniags beet R. i. (N. Eng.) | Pit., 357 18th Doge So St I 
Bur., City Hall, Portland, Ore. | Munroe, Walter C., Chief Engr.,| Paul, Minn. (Cen. St.) Ni 
(Pac. NW.) Anne Arundel Co. San, Comm., | Nents A. s Bd. of P F 

; 2 7 Old High School Bldg., Green St., | “Y4U%4, A., < upt., Bd. of Pub. Wks., \ 

Morrow, L. W., Chem., A. C. Annapolis, Md. (Md.-Del.) | Holland, Mich. (Mich.) } 

-) oi ol a ee eee | Munson, Laura A. (Mrs.), San — W ee ee ~~ Re - 
a ng: ? ( ry R adis ° fe il ot., Maynard, 

Morrow, T. L., Supt., Sew. Tr. Plt. a aaa Rd., Madison 5, | Mass. (N. Eng.) sas I 
Box 222, Norman, Okla. (Okla.) j Sousa 2 Needham, E. B., Univ f Calif : 

Shean aie de ie Murden, X. D., Supt., Water Dept., | **€60%4 eae niv. of Calil., 

? Sao Sih oF Raa ei P. O. Box 496, Portsmouth, Va. ett ot ime Health, Berkeley Nic 

igh St., E. Haven onn. ’ 
0 Hi A i (Va.) alif. riz 
(N. Eng.) rn Neffendorf, Alfr " | 
. 1 ; enor I ; ed, Water & Sewer 

Mortenson, E. N., Chem. Engr., “re” bs eo J. a? er» | Supt., Box 147, Fredericksburg N 
Mite aims o-| . eUTCLCLUC ee fe Ce) , 
— me sess St.) or Murphy, John A., Supt., Sew. Tr. | Neighbor, James G., Chicago Pump 

Morton, C. D., Field Engr., Fair- Pit.. 117 W. Blair St.. W. Chi- Co., 6159 N. Hamilton, Chica Ni 
banks-Morse Co., 901 Sixth St., cago, Ill. (Cen. St.) | 45, Ill. (Cen. St.) 
Bismarck, N. Dak. (N. Dak.) Murphy, Lindon J., Assoc Prof., Neill, A. H., USPHS, P. 0. Box Ni 

Moses, D. V., Tech. Supt., Ammonia San. Eng., Univ. of Mo., Colum: | 466, Ponce, P. R. (P.R.) ay 
Dept., E. I. duPont de Nemours bia, Mo. (Mo.) | Neilsen, N. P., Supt., Sew. P! 

& Co., Belle, W. Va. (W. Va.) Murphy, Reginald A., Opr., Sew. | Rt. 2, Box 30, Pueblo, Co é 

Moses, H. E., Chief San. Engr., Pa Tr. Pit., Willard, N. Y. (N.Y.) || _ (Rocky Mtn.) 

Dept. of Health, 1522 N. Second | Murray, A. E. Scott, Esq., Engr., | Neiman, W. T., Cons. Engr., 10 W. N 
St., Harrisburg, Pa. (Pa.) W. Kent Main Drainage Bd., 4 | Douglas St., Freeport, Ill. (Cen 
Moss, F, J., San. Engr. Dir., USPHS, Birchwood Rd., Petts Wood, Kent, | — %t-) 
1114 Commerce St., Rm. 513, Eng. (ISE) | Nelle, Richard S., Prin. San. E 
Dallas 2, Tex. (Tex.) Murray, J. B., County Drainage | — — Pub. Health, 1732 ’ 

Mott, C. A., City Engr., Bellevill Engr., 23 Clydes ey St., — (Cen “St. ve., Springfield, 1 
Ontario, Can. (Can.) ton, Lanarkshire, Scotland (ISP) | _ same x me 5 

22K ; Murray, K. A., P. O. Box 4497, | Nelson, Ben O., City Mgr., Pullman, nM 

Moudy, R. B., 603 E. 16th Ave., Johannesburg, Africa (ISP-Eng.) | Wash. (Pac. NW.) 

Denver, Colo. (Rocky Mtn.) : ‘ | Nilson. , ~: \ : 
i Murray, Raymond H. N., Civil | Nelson, Bruce V., City Supvr., Mt N 
Moulton, M. M., Box 470, Spencer, Ener.. Nussbaumer & Clarke. | Vernon, Wash. (Pac. NW.) 
Ta. (Ia.) Cons. Engrs., 327 Franklin St., | Nelson, Dr. D. H.. Chem Ind 
Mountfort, L. F., ‘‘Claverings,”’ Buffalo, N. Y. (N.Y.) | Waste Tr. Wks., Oscar Mayer & N 
Montagu Rd., Edmonton, London, | Murschel, Jacob, Water Wks. Supt., Co., 157 Division St., Madison 4, 
N. 9, Eng. (ISP) Webster, S. Dak. (S. Dak.) | Wis. (Cen. St.) 
Moutrey, C. E., City Health Dept., | Musgrave, A. S. G., Mun. Engr Nelson, Fred G.. M Wes Ran 
y, ) Musgrave, A. S. a . Engr., | Nelson, x., Mgr., Western San. N 
aay Boulder, Tulsa 6, Okla. a0 — boa ee C., Can | <-ige at gal Co. “Enc., S11 W. 
a. (Can.; Dual—Pac. NW.) 7th St., Los Angeles 14, Calif 
Mowbray, George A., Supt., Pub. | Muss, Joshua, Engr., Dept. of Pub (Calif.) N 


Wks., 31 wok Ave., Port ae aes Bldg., N. Bergen, | Nelson, H. Lloyd, Asst. Research 






Chester, N. Y. (N.Y.) i ° ae N.J.) Ener. & Eastern Sales Mgr., U. S. 

Mowrey, J. Hase, Rep., Boro. of | sails Ff. Supt., Water Wks. Pipe & Foundry Co., 1624 Lincoln : 
Chambersburg, Pub. Util., Cham- Util., Post gz. Div., P. O. Box | Liberty Bldg., Broad & Chestnut N 
bersburg, Pa. (Pa.) | 751, Ft. Bragg, N. C. (N.C.) |  Sts., Philadelphia 7, Pa. (Pa.) 

Mowry, R. B., Wallace & Tiernan, | Myatt, H., Supt., Sew. Wks., Toll | Nelson, Henry A., Commr., Pub 
Inc., 1649 N. Broad St., Phila- | End., Tipton, Staffordshire, Eng. | Wks. 21st St. & Grand Ave., N 

| Racine, Wis. (Cen. St.) 


delphia, Pa. (N.J.) | (ISP) 
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Neptune, William _N., Engr., U. S. | Niles, Thomas M., San. Engr., —_ Jas. E., San. Chem., Div. 





























Indian School, Flandreau, S. Dak. nee & Hansen, 220 S. State of Labs., State Dept. of Health, 
(S. Dak.) , Chicago 4, Ill. (Cen. St.) New Scotland Ave., Albany, N. Y. 
Nesin, Benjamin C., Act. Dir., Mt. | seaaiak Herbert P., Assoc. San. (N.Y.) 
Prospect Lab., 355 Park PI., | Engr., State Dept. of Health, 717 | Ocean City Sewer Service Co., Att: 
i 4 : 
Brooklyn 17, N. Y. (N.Y.) Buchanan St., Albany 6, Calif. E. S. Steelman, Mgr., 10th St. 
Neuffer, George T., Engr., 30 S. (Calif.) & West Ave., Ocean City, N. J. 
Ludlow St., Dayton 2, Ohio | Nixon, J., 4 Spaines Rd., Fartown, (N.J.) 
(Ohio) Huddersfield, Yorkshire, Eng. (ISP) | Ockershausen, Richard W., Chem. 
Neumann, George B., Supt. & Opr., | Nixon, M. B,, Engr. of Sewers, 301 Tech. Service Div., Gen. _Chem. 
Sew. Tr. Plt., Bethalto, Ill. (Cen. | City Hall, Atlanta 3, Ga. (Ga.) Rie eee N. a Y.) 
St.) liv a We Ss i O’Connell, illiam J., ie: Cons. 
Neves, Dr. Lourenco Baeta, Prof. da “— re uel Hg ie iy Parga Mn i 
: semiie 5 Miss Se Francis 
Universidade de a ag Noel, Carl F., Eng. Rep., Amer. 5. Calif, “(Calif ) icisc 
Rua Claudio Manoel, 1185, Bello Well Wks., 428 13th St., Oakland mS. sean 
Horizonta, Minas Geraes, Brazil, 7 O’Connor, William F., Jr., Chem. 
Ss. A. (LY) 12, Calif. (Calif.) Instr Manhattan College 37 
ee : . | Nollett, Frank, Supt. of Util., Mun. Rasaveli SE. Yonken N.Y 
Nevit, Hs Boar. .N; ‘Toronto | “pide, ‘Bath Neo. (NY) a Sse ke 
Toronto, Ontario, Can. (Can.) | Nolte, August H., Opr., Sew. Tr. | O'Connor, William L., Asst. San. 
Newcomer, A., Town Mer., Coving- | Wks., 248 Heffner St., Toledo 5, Engr., Ulster Co. Health Dept. 
gig Wa. (Va.) Badia oda! Ohio (Ohio) 420 Hasbrouck Ave., Kingston, 
Newell _ ter. Si: Phowinaons. Pine Noon, Walter, Act. Health Officer, | N. Y. (N.Y.) 
well, .este es S¢ ; > . ~ Dy oe ” | ¥ 
& Steel Co., 3001 ae creat St. Santa Cruz Co., Health Unit, 317 | Odell, Lester, Supt., Sew. Tr. Pit., 
Tienver. (Cale: Radke Ane , Noon St., Nogales, Ariz. (Ariz.) 280 Lyons St., Wisconsin Rapids, 
ee car cenig Rien tardesty Nordell, Carl H., Cons. Engr., P. O. Wis. (Cen. St.) 
Div., ‘Armco ‘Products, ‘Box 2170, oP re Palm Springs, Calif O'Dell, We. H., Supt., Pub. Wks., 30 
Denver, Colo. (Rocky Mtn.) Dy onediagee W. Main St., Webster, N.Y 
Newlands, James A., Pres., Henry Norfleet, ww T., Pacific Clay (N.Y.) 
Souther Eng. Co., 11 Laurel St. Products, P. O. Box 145-Station A, O'Donnell, Charles F., Resident 
Hartford, ‘Conn. (N. Eng.) ae Les Angeles, Calif. (Calif.) } Engr., Nussbaumer & Clarke, 
ane ee EONS Norgaard, John T., San. Engr.,| R.F.D. 1, Grover Rd., E. Aurora, 
Co. 1783 E. ilth St gicet ox y 17045 Broadway se Oakland | N. Y. (N.Y.) 
Ohio REGED oe ner 11, Calif. (Calif. | O'Donnell, R.,- Prof., Pa. State Col- 
‘ee R Sewat Sew. Wks Norman, Charles § 307 W. Oak | lege, 119 S. Atherton St., State 
Lect ok, cea i atetiebiane Ave., El Segundo, Calif. (Calif.) College, Pa. (Pa.) 
eae eae ’ | Norman, G. A., Chem., Sew. Tr. | Odor, W. Ray, Rep., Lynchburg 
: 4 Pit., R. R. 1, Columbus, Ind. Foundry Co., Lynchburg, Va. 
Newman, W. J., Sales Engr., Wallace (Cen. St.) (Assoc. ) 
& Tiernan) 135 N. 1th St., es | ; 
Newark "DN. J. (NJ) ; Norris, Francis I., Jr. Chem., | Oe ve W. A., Supt., Sew. Tr... Pit., 
a : ; USPHS, E. Third & Kilgour Sts. 66 N. E. Third St., Miami, Fla. 
= n, —. Assoc. Spe Engr., Cincinnati 2, Ohio (Fed.) (Cen. St.) 
sreeiey 4 ansen, “ngrs. 42é | . . . . 
cand tton. TI]. (Cen. | North, James. P., Pres., Green Bay | Oeming, Loring F., San. Engr., 
Hinman Ave., Evanston, Il. (Cen. Fdy. & Machine Wks., 401 S. | Mich. Stream Control Comm., 
aay : ‘< Broadway, Green Bay, Wis. | P. O. Box 87, Lansing 1, Mich. 
N , Arthur E., Opr., Sew. Tr. | (Assoc.; Ia.) (Mich.) 
Pit.. 56 Clark S onkers, N , A : : 
(NA aN Clark St., Yonkers, N. Y. Northrop, L. E., Mgr., Branch Of- Offutt, F. M., Sr. City Engr., 
ir MS Cl Wi fice, Neptune Meter Co., 701 E. Williamson, W. Va., (W. Va.) 
I of of pre nie, re 6. | Third St., Los Angeles 13, Calif. | Q’Flaherty, Dr. F. O., Dir., Dept. 
(Gan ee | oii ° (Ariz.) of Leather Research, Univ. of 
. | Nottingham, M. C., Opr., Sew. | Cincinnati, Cincinnati 10, Ohio 
Box 2136, College | Disp. Systems, 123 N. Cloverly | (Ohio) 
sapere | Ave., Temple City, Calif. (Calif.) | Ogden, Willis L., San, Engr., Yeo- 
ye P93: Pier e Ave., | Nugent, Harold F., Opr., Sew. Tr. mans Bros. Co., 939 W.. North 
1 ¥. (N.Y.) |  Plt., Exchange St., Alden, N. Y. Ave., Chicago 22, Ill. (Fed.) 
Nicholson R. M., Town Engr., | (N-Y.) O'Hara, Alex. S., Prov. San. Insp., 
Kapuskasing, Ontario, Can. (Can.) | Nusbaun, Isador, Sr. San. Chem., P. O. Box 905, Kenora, Ontario, 
Niciara aoe ). “Aitas oon Sew. Tr. Plt., 2697 Glendale Ave., Can. (Can.) 
Comb busti ~~. — . = se Detroit 6, Mich. (Mich.) O’Hara, Franklin, Supt., Sew. Tr. 
Park Ave., New York 16, N. ¥ Nussbaumer, Newell L., Engr., Nuss- Pit., 75 Stowe St., Lowville, N. Y. 
N.Y.) baumer & Clarke, Inc., Engrs., (N.Y.) 
Nickle, A. J., Sales Mgr., Darling 327 Franklin St., Buffalo, N. Y. |) oy), Warren H., City Engr., Lock 
Br ee 140 er St., Mont- (N.Y.) ;' Haven, Pa. (Pa.) 
¢ >, Q., Can. (Can:) Nussberger, Fred, Asst. Chem., N. Y. : = =e ' es 
ese ah aA oe City Dept. of Pub. Wks., 22-08 | Ohr, Milo F.. Chief San. Engr., 
Ni : in, - se City ngr., City 128th St. Collece Point. N. Y 1928 Riverside Dr., Trenton, Mich. 
Hall, Guelph, Ontario, Can. (Can.) igen aaa a ’ : (Mich.) 
(N.Y.) 
Nicklis, Jim, Sales Engr., Wallace = N Oke, Ernest E. W., City Engr 
wee 1742 "Tren 2 Nyffeler, Bruce, 2122 N. Alabama Seay Pisidac dP ” 
. ee nige — a Rd., St., Indianapolis 2, Ind. (Cen. St.) Waterloo, Ontario, Can. (Can.) 
saa as, ; Okun, Abraham H., Cons. Engr., 4 
Niebor, Jack, Chief Opr., Sew. Tr. Lakewood Ave., Monticello, N. Y. 
Pit., Mead Johnson & Co., Rt. 2, | Oakes, C. A., Supvr., Sew. Tr. (N.Y.) 
Zeeland, Mich. (Mich.) Pit., 1070 Newport, Detroit, Mich. Okan Taal A Pierce Hall 
Niekras, B. Stanley, Purchasing Agt. | (Mich.) | Harvard Univ., Cambridge, Mass. 
& Asst. Supt., Eberle Tanning Co., | Oakley, W. F., 11 Highfield Ave., | (Cen. St.) 
Church St., Westfield, Pa. (Pa.) — a rent, Staffs, | Old, H. N., Sr. San. Engr., USPHS, 
in, Hubert W., San. Engr., | ng 19th & Constitution Ave., N. W., 
Jefferson, Harvard, Il. Obergfell, Herman M., 439 Shonnard | Washington 25, D. C. (Fed.) 
St.) } St., Syracuse, N. Y. (N.Y.) | o~ > . 
| | O’Leary, J. E., Rep., Pittsburgh- 
H., Supt., Sew. Tr. Wks., Obma, Chester A., 549 Spring St., Des Moines Co., Neville Island 





“View Pk., 2946 Darlington Aurora, Ill. (Cen. St.) Branch, Pittsburgh, Pa. (Assoc.) 
bin : ; 
Rd., Toledo, Ohio (Ohio) | O’Brien, Earl F., Cons. Engr., | O'Leary, W. A., Lt. Comnr., CEC, 
Niles, Charles A., San. Engr., Suf- | Holmes, O’Brien & Gere, 3613 | USNR, Dept. of Pub. Wks., 125 
Ik Co. Dept. of. Health, Bridge- | Midland Ave., Syracuse, N. Y.| Worth St., New York, N. Y. 
impton, L. L., Y. (N.Y.) | (N.Y.) | (N.Y.) 
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Paul, Lewis C., Plt. Opr., Wanakah 
Sew. Dist., R. F. D. 3, Hamburg, 
N. ¥.. <H.Y.) 

Paul, Merle, State Mgr., Armco | 


& Metal 
170, Middletown, 


Drainage 
O. Box 
(Ohio) 
Paulette, Robert G., Field 
Infilco, Inc., 211 Crestwood Ave., 
Buffalo 16, N. Y. (N.Y.) 


Pawlak, John S., Sew. Tr. Plt. 

129 Pleasant Parkway, Cheek- 
towaga, N. Y. (N.Y. 

Payne, Gwynne, Supt. of Water, 
Monongahela Power Co., 505 
Church St., Spencer, W. Va. (W. 
Va.) 

Payrow, Harry C., Prof., San. Eng., 
Dept. of Civil Eng., Lehigh Univ., 
Bethlehem, Pa. (Pa.) 


Payton, Louis S., State Bd. of 
Health, Dist. 8, Higginsville, Mo. 
(Mo.) 

Peach, J. 
Winchmore Hill, London, N. 21, 
Eng. (ISP) 

Peake, J. B., Mathieson Alkali Wks., 
60 E. 42nd St., New York, N. Y. 
(N.Y.) 


Pealer, Thomas, Civil Engr., Box N. 
7, Indiana, Pa. (Pa.) | 
Pearce, Fletcher W., Prof., School 
f Eng., Northern Mont. College, 


3 Tenth St., Havre, Mont. ( Mont.) 





Pearl, Emanuel H., San. Engr., | 
Santa Barbara Co. Health Dept., 
P. O. Box 119, Santa Barbara, 
Calif. (Calif.) 

Pearse, Langdon, San. Engr., Chi- 
ci San. Dist., 910 S. Mich. 
Ave., Chicago 5, Ill. (Cen. St.) 

Pease, Maxfield, Dist. Mer., S. 
Morgan Smith Co., Rm. 606, 
1900 Euclid Ave., Cleveland, Ohio 
(Ohio) 

Pebworth, W. B., Mgr., Hersey Mfg. 
Co., Haas Howell Bldg., Atlanta 

Ga. (Ga.) 
Peck, Lawrence J., Dist. Sales Megr., 


Wallace & Tiernan Co., Inc., 80 
State St., Albany, N. Y. (N.Y.) 
Peckworth, Howard F., Managing 
Dir., Amer. Concrete Pipe Assn., 
228 N. LaSalle St., Suite 
Chicago 1, Ill. (Assoc.) 


Pedigree, Richard B., Opr.; Sew. Tr. | 
Greenfield, | 


Pit.. 136 
Mass. (N. 


Peeples, J. Q., 


High St., 
Eng.) 
Mayor, 
Alkali Wks., 
Va. (Va.) 
Peirson, Nat D., Partner, 
Whitman, Cons. Engrs., 
Raleigh, N. C. (N.C.) 
Pelon, Guy, Opr., Sew. Tr. 
Indian Lake, N. Y. (N.Y.) 
Pelty, William, Attendant, Sew. Tr. 


Box 185, 


Peirson & 
Box 47, 


Pit., 


Pilt., 19 McClure St., 

Ohio (Ohio) 

Pence, Irel V., Supt., Pub. Wks., 
25 W. Third St., Peru, Ind. 


(Cen. St.) 
Penna, Alexander D., Asst. Plt. Opr., 


Dept. of Pub. Wks., 4350 Furman | 


Ave., New York 66, N. Y. (N.Y.) 


Pennington, Marvin, Supt., Pub. 
Wks., 3407 Chicago Rd., Steger, 
Ill. (Cen. St.) 

Pepin, E City Engr., Havre, 


a 
Mont. (Mont.) 


Pepperman, Cecil M., 


Engr., 253 
N. 17th St., Camp Hill, Pa. ) 


(Pa. 


Processing, P. | 
Ohio 


Engr., | 


Opr., 


D., 30 Green Moor Link, 


1033, | 


a Saltville, | 
Supt., Water & Brine, Mathieson | 
Saltville, | 


Dayton, | 
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Pequegnat, R. K., San. Engr., Dept. | 
of Nat’l. Health & Welfare, P. O. | 


Box 605, Halifax, 
Can. (Can.) 


Nova Scotia, 


Perkins, C. K., Sales Rep., Builders- | 


Providence, Inc., 20 Vesey St., 
New York 7, N. Y. (N.Y.) 
Perkins, Harold, Sewer 


Elm St., Pittsford, N. Y. (N.Y.) 

Perrow, W. C., Cons. Engr., 
Sauers Office Bldg., Richmond, Va. 
(Va.) 


Perry, A. H., Dist. Engr., 

Pensions & Nat'l. Health, Box 
1012, Vancouver, B. C Can. | 
(Can.) 

Perry, Earl R., Chief Engr., Bur. 
of Eng., City Hall, Worcester, 
Mass. (N. Eng.) 


Perry, John S., Sales Engr., Wallace 
% Tiernan Co., 211 Architect 
Bldg., 415 Brainard, Detroit, Mich. 
( Mich.) 

Pessina, John, Opr., Sew. Tr. Plt., 
3010 McClellan, Detroit 14, Mich. 
(Mich.) 

Peters, Stanley, Incinerator Foreman, 
64 Stephen St., Kingston, Ontario, 
Can. (Can.) 

Petersen, H. V., 
Steam Turbine 


Seles Mgr., DeLaval 
Co., Trenton 2, 


N. J. (Assoc.) 

Peterson, Earl L., 52 Boyd, Buf- | 
falo 13, N. Y. (N.Y.) 

Peterson, Edward T., Supt., Sew. 
Pit., 113 First St., W., Dundee, 
Ill. (Cen. St.) 

Peterson, F. E., City Engr., 730 E 


Hurlbut Ave., Belvidere, Ill. 


(Cen. St.) 

Peterson, H. O., Sew. Pit. Opr., 
Dayton, Ia. (Ia.) 

Peterson, J. H., Mgr., Pacific Coast, 
Johns-Manville, 116 New Mont- 


gomery St., San Francisco 19, 


Calif. (Calif.) 


Peterson, Myhren C., Dist. Pub. 
Health Engr., State Dept. of 
Health, Box 308, City Hall, 
Bemidji, Minn. (Cen. St.) 


Peterson, Ralph W., Supt., Sew. Tr. 


Pit., 9141 S. Bishop St., Chicago 
20, Ill. (Cen. St.) 

Petrie, R. W., 577 Paw Paw Ave., 
Benton Harbor, Mich. (Mich.) 


Petrie, William P., Supt., Sew. Disp. 
Pit., Norwalk, Conn. (N. Eng.) 

Pett, K. M., Util. Opr., 2638 Gar- 
field St., N. E., Minneapolis 13, 
Minn. (Cen. St.) 

Pettit, Charles G., Asst. City Chem., 
587 W. Ford Ave., Barberton, 
Ohio (Ohio) 


: Ease | 
Petty, A. W., San. Engr., Virginia 


Beach, Va. (Va.) 
Pfannmuller, H. C., Mger., 
Receiving Plt., Clemo Milk Prod- 
ucts Co., Honesdale, Pa. (Pa.) 
Pfennig, C. M., 175 Main St., 
Bristol, Conn. (N. Eng.) 


Phelps, B. D., Asst. Port Dir., 
3141 Palm St., San Diego 4, 
Calif. (Calif.) 

Phelps, Boyd E., Pres., Phelps & 
Peck, Inc., 232 Franklin  St., | 


Michigan City, Ind. (Cen. St.) 
Phelps, Earle B., Prof., Civil Eng., 
Univ. of Fla., College 
Gainesville, Fla. (N.Y.) 
Phelps, Ellis K., Sales Mgr., Wallace 
& Tiernan Co., Inc., 426 S. Eola 
Dr., Orlando, Fla. (Fla.) 
Phelps, George, Engr., 130 Neville 
Pk. Blvd., Toronto, Ontario, Can. 
(Can.) 


Supt., 14 | 


309 | 


Dept. of 


Milk | 


| Pimm, Alan B., Civil 


of Eng., | 
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Philips, H. S., Cons. Engr., 35 
Inverness Ave., W., Hamilton, On- 
tario, Can. (Can.) 

Phillips, Earl E., City Engr., P. O. 
Box 215, Peru, Ind. (Cen. St.) 
Phillips, H. N., Sew. Plt. Opr., 
140 St. Andrews Lane, Glen Cove, 

N. Y.. (NX 
Phillips, M. H., Supt., Water Wks., 


Paragould, Ark. (Ark.) 

Phillips, Max, Chief Opr., Ind. 
Waste Tr., LaChoy Food Prod- 
ucts, Archibold, Ohio (Ohio) 
Phillips, Norman, Jr., Regional 
Engr., State Dept. of Health, 
Abingdon, Va. (Va.) 

Phillips, Robert S., Capt., 2138 


Kirkwood Ave., Charlotte, N. C. 
(N.C.) 


Phillips, Roy L., City Engr., Mead- 
ville, Pa. (Pa.) 

Phillips, W., 30 Olton Croft, Acocks 
Green, Birmingham 27, Eng. (ISP) 

Phoenix, Edward A., Asst. Mger., 
Transite Pipe Dept., Johns-Man- 
ville Corp., 22 E. 40th St., New 


York 16, N. Y. (N.Y.) 
Piatt, William M., Piatt & Davis, 
Cons. Engrs., P. O. Box 971, 


Durham, N. C. (N.C.) 


Pickett, Arthur G., Deputy Co. 
Engr., 700 Union League Bldg., 
Los Angeles, Calif. (Calif.) 

Pickin, L., Supt., Sew. Wks., The 
Bottoms, Heckmondwike, York- 
shire, Eng. (ISP) 

Pickles, L. W., Pub. Health Engr., 
Div. of Health, Dist. 10, Kirks- 
ville, Mo. (Mo.) 

Pickworth, F. W., Pub. Health 


Engr., State Dept. of Health, Des 
Moines 19, Ia. (la.) 
Picton, Walter L., Div. of Health & 


San., Inst. of Inter-Amer. Affairs, 
c/o Amer. Embassy, Mexico City, 
Mex. (Fed.) 

Pierce, Alvah, Civil Engr., P. R. 


Aqueduct & Sewer 
26'%, Santurce, P. 

Pierce, C. L., Dist. Rep., Great 
Western Div. of Dow Chem. Co., 
634 S. Spring St., Los Angeles 14, 
Calif. (Calif.) 

Pierce, D. O., Civil Engr., Alameda 
Air Station, 1819 Wood St., 
Alameda, Calif. (Calif.) 

Pierce, Donald M., Asst. Engr., 
Mich. Dept. of Health, Dewitt 
Rd., Lansing 4, Mich. (Mich.) 

Pierce, George O., Univ. of Minn., 
4009 Sunnyside Ave., Minneapolis, 
Minn. (Cen. St.) 

Pierce, H. M., City 


Service, Stop 
(P.R.) 


Mgr., 1003 


Sixth Ave., S. E., Aberdeen, S. 
Dak. (S. Dak.) 

Pierron, L. L., Supt., Sew. Tr. Wks., 
City Bidg., Greenville, Ohio 
(Ohio) 

Pierson, Rex C., Asst. Chem., W. 
Va. Water Comm., 827 Bigley 
Ave., Charleston 2, W. Va. (W. 
Va.) 


Engr. & Sur- 
veyor, 104 Jackson St., Tampa 2, 


Fla. (Fla.) 
Pincus, Sol, Sr. San. Engr., Dept. 
| of Health, 225 W. 86th St., 


New York, N. Y. (N.Y.) 
Pinkney, Glenn E., Supt., Sew. Tr. 
Pit., 40 South Ave., Webster, 
N. Y. (N.Y.) 
Pinney, F. W., Supt., 
1413 Eighth St., N., 
Dak. (N. Dak.) 


Sew. Wks., 
Fargo, N. 
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Engr., State Dept. 


Piper, K., San. 
Bismarck, N. Dak. 


of Health, 
(N. Dak.) 

Pitkin, Ward H., 
United Filters, Inc., 70 Bay 
Drive ae Green, ‘Massapequa, 
N. ¥. (NY. 

Pizie, Stuart “3 Sales Engr., Chi- 
cago Pump Co., 300 S. W. 21st 
Rd., Miami 36, Fla. (Fla. 

Placek, O. R., USPHS, E. 
& Kilgour Sts., 
Ohio (Fed.) 

Pledger, A., ‘“‘Granta,’”’ Wolseley Rd., 
Camels Head, Plymouth, Devon., 
Eng. (ISP) 

Plum, Svend, Cons. Engr., 7725 E. 


Sales Engr., Oliver 


Cincinnati 2, 


| Potter, C. C., Pub. 
Third | 


| 
| 


Jefferson Ave., Detroit 14, Mich. 
(Mich.) 

Plummer, M. W., Gen. Megr., Butte 
Water Co., 124 W. Granite, Butte, | 


Mont. ( Mont.) 
Plummer, Raymond B., Cons. Engr., 
R. L. Kenan & Assocs., 411 S. 


Perry St., Apt. 22, 
Ala. (Cen. St.) 
Pohl, Dr. C. A., Bogart & Pohl, 
Engrs., 39 Cortlandt St., New 

Yoru, N. ¥. (N.Y 


Montgomery, 


Pollard, R. T., kes r, Alexander 
& Pollard, Cons. Engrs., 414 
Terminal Bldg., Oklahoma City, 
Okla. (Okla.) 

Pollex, Elmer, Foreman, Sew. Tr 


Wks., 119 Whiting Ave., Toledo 
Ohio (Ohio) 

Pollock, John M., 28 Amherst Rd., 
Port Washington, N. Y. (N.Y.) 

Pomeroy, Richard, Cons. Chem 
Engr., Montgomery & Pomeroy, 40 
W. Green St., Pasadena 2, Calif 
(Calif.) 

Pond, Gerald T., Asst. Supt., Sew 


Tr. Pit., 3818 Dover Ave., Cleve- 
land, Ohio (Ohio) 
Poole, B. A., Dir., State San. Engr 


Ind. State Bd. of Health, 2715 


Ryan Dr., Indianapolis, Ind 
(Cen. St.) 
Poole, S. B., 11 Clive Ave., Dales 


Lane, Whitefield, Nr. Manchester, 


Eng. (ISP) 


Poole, William A., Opr., Sew. Tr 
Pit., 227  S. Hollenbeck St 
Covina, Calif. (Calif.) 

Pope, Lester, Opr., Sew. Tr. Pit 
2025 Genesee St., Trenton 10, 
N. J. (NJ) 

Porak, Henry G., City  Engr., 
Olympia, Wash. (Pac. NW.) 

Porges, Ralph, USPHS, Dist. 7. 


405 E. 13th St., 
Mo. (Fed.) 

Porteous, W. K., 6 Netherton Rd.. 
St. Margarets, Twickenham, Mid 
dilesex, Eng. (ISE) 


Kansas City 6 


Porter, George W., Supt., Water 
Wks., Metter, Ga. (Ga.) 
Porter, H., Asst. City Engr., Civic 


Center, San Mateo, Calif. (Calif.) 

Porter, Howard, Mgr., E. Jordan 
Canning Co., Jordan, Mich 
(Mich.) 


Porter, J. W., 2531 S. 
Alto, Calif. (Calif.) 
Porter, O. S., Jr., Wallace & Tiernan 
ico... san, 2211 17th M., N. W., 

Washington, D. C. (Okla.) 


Court, Palo 


Porter, Sam. D., Prin. Asst. Engr., 
Shoecraft, Drury & McNamee, 
Cons. Engrs., Ann Arbor, Mich. 
(Mich. ) 

Porter, Thomas H., San. & Civil 


Engr., Box 38, Portage la Prairie, 
Manitoba, Can. (Can.) 


Potts, Clyde, Cons. Engr., 
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Porter, William, Opr., Sew. Tr. Pit., 
55 > St., Ballston Son, N.Y. 
(N.Y 

Post, a A., 
chanan, Mich. (Mich.) 

Poston, R. F., San. Engr., 


(Fed.) 


Health Engr., 
Burlington, Ia. 


1859, El Paso, Tex. 


522 N. Third St., 
(Ia.) 

Potter, Dave, Opr. 
sow. ay. Pit, 
(Cen. St.) 

Potter, H. M., 
3119 Milford Ave., 
Md. (Md.-Del.) 


& Supt., Mun. 
Princeton, III. 


Amer. Well Whks., 


30 Church 
St., New York, N. Y. (N.Y.) 
Potts, Harry G., Sales Rep., Pa 
Sait Mig. Co,, P. 0: Box 32, 

Wyandotte, Mich. (Mich.) 

Powell, Dr. A. R., Koppers Re- 
search Corp., Koppers Bldg., Pitts- 
burgh, Pa. (N.Y.) 

Powell, E. S., Dist. Sales Megr., 
Vapor Recovery System Co., Peo 
ples Gas Bldg., Chicago, Ill. 
(Mich.) 

Powell, J. G., Cons. Engr., Gore & 
Storrie, 1130 Bay St., Toronto ei 
Ontario, Can. (Can.) 

Powell, Otto, Opr., Sew. Tr. Pit., 
1215 Superior St., Wisconsin Dells, 
Wis. (Cen. St.) 

Powell, Reuben R., San. 
Joliet ea 
D. C. (Fla.) 

Powell, S. T., Cons. 
Professional Bldg., 
St., Baltimore 1, Md. (Md.-Del.) 

Powell, W. L., Powell & Powell, 
Engrs., 2022 Republic Bank Bldg., 
Dallas, Tex. (Tex.) 


Engr., 103 
Washington, 


Chem. Engr., 
330 N. Charles 


Powers, Martin-J., Opr., Sew. Tr 
Wks., 182 Main St., Windsor 
Locks, Conn. (N. Eng.) 

Powers, R. W., Mech. Engr., 1112 
Harbor View Ave., San _ Pedro, 
Calif. (Calif.) 

Powers, Thomas J Waste Disp 
Div., Dow Chem. Co., Midland, 
Mich. (Mich.) 


Pratt Free Library, Enoch, Periodi- 
cals Dept., Cathedral, Franklin & 
Mulberry Sts., Baltimore 1, Md 
(Md.-Del.) 

Pratt, Jack W., Sales Engr., Process 
Engrs., Inc., 406 Montgomery St., 
San Francisco 4, Calif. (Calif.) 

Pray, John, Supt. of Util., City 
Hall, Ft. Dodge, Ia. (Ia.) 

Preen, M. O., Sidu Co., Box 3537, 
Long Beach, Calif. (Assoc.) 


Preen, Sydney, City Hall, Rm. 303, | 
Long Beach, Calif. (Calif.) 

Prestler, Charles J., Mgr., Pump 
Sales, Fairbanks, Morse & Co 


80 Broad St., New York 4, N. Y 


(Assoc. ) 

Preston, A. M., Chief Opr., Oso 
Disp. Plt., Rt. 1, Box 36K, Corpus 
Christi, Tex. (Tex.) 

Price, C...P., Sapt.,. Sew: Tr. Pit., 
Box 590, Rapid City, S. Dak. 
(S. Dak.) 

Price, D. H. A., Supt., Sew. Wks., 
Roch Mills, Rochdale, Lancashire, 
Eng. (ISP) 


Price, Howard S., Sales Eng., San. 
a Div., United Steel Corp., 
Ltd., 58 Pelham Ave., Toronto 
9, Ontario, Can. (Can.) 


City Clk., Bu- | 


Internat’]. 
Boundary & Water Comm., Box | 


Baltimore 7, | 





March, 1948 


Price, J. P. 
Sand & Stone Co., 634 
Bldg., Scranton 3, Pa. (Pa.) 


Vice-Pres., Wyo, 


Eyre, ) 
Connell 
D> 


| 
| 
| 
| 


Price, Joseph W., Public Health 
Engr., Washtenaw Co. Health 
Dept., Ann Arbor, Mich. (Mich.) 


Price, M. B., Supt., _ Wks., 
Thomasville, Ga. (Ga. 

Priest, N., Bath Sew. all Saltford, 
Nr. Bristol, Eng. (ISP) 

Priester, Max U., Asst. Dir., Cons 
Div, W. H. & L. D. Betz, 
Gillingham & Worth Sts., Phila- 
delphia 24, Pa. (Pa. 

Pringle, H. L., Mgr., Pub. Util 


Comm., Whitby, Ontario, Can 
(Can.) 

Probasco, S. R., City Engr., 311 
St. Mary St., Burlington, N. J 
(N.J.) 

Probeck, Charles, Asst. Sew rr 


Pit. Opr., 24 Bainbridge  St., 
Roosevelt, L. I., N. Y. (N.\ 


Prodanovich, Danilo, Chief San 
Engr., Hdqs. Third Army, 2 
Holly St., Oakland 3, Calif. (Ga 

Proper, H. J., San. Engr., AAF 
2800 Buena Vista Terrace, S. E. 
Washington 20, D. C. (Md.-De 





Protzeller, Raymond J., Min 
Engr., Pa. Dept of Heal 


Spangler, Pa. (Pa.) 

Proudman, Chester F., Opr., Sew 
Disp. Plt., New Canaan, Conr 
(N. Eng.) 


Public Works Magazine, 310 E. 45th 
St., New York, N. vy. ( Asso’ 


Puckhaber, Fred H., Div. Ma¢gr., 


Wallace & Tiernan Co., In 
1112 Liberty Bank Bldg., Dallas 
1, Tex. (Tex.) 


Puerto Rico Aqueduct & Sewer Serv- 
ice, Stop 26%, Fernandez Juncos 
Ave., Santurce, P. R. (C 
P.R.) 

Puffer, 
Pit., Town Hall, 
(N. Eng.) 

Pummill, L. F., Asst. Engr., Stat 


Stephen P., Supt., Sew. Tr 
Amherst, Mass 


Dept. of Health, 3400 N. Easte 
Ave., Oklahoma City 5, Okla 
(Okla. ) 


Pung, Donald W.. 1437 Marsha 
Ave., St. Paul 4, Minn. (Cen. St 


Purcell, Lee T., Cons. Engr., 1 Lee 
Pp 


]., Paterson 1, N. J. (N-.J.) 
Purdie, David J., Dist. Sales Mg 
Builders—Providence, — Inc Rr 
500, 20 Vesey St., New York 7 
N.°Y. CVX.) 
Purdom, Paul W., San. Engr., Bur 


of Health, 31 Barclay St., Knox 
ville, Tenn. (Ky.-Tenn.) 
Purser, John R., 


Jr., Pres., Purser 
& London, Inc., 816 Independence 


Bldg., Charlotte, N. C. (N.( 
| Purvis, V. O., Jr., San. Engr., Mari 
| L. Crist & Assocs., Union Life 


Bldg., Little Rock, Ark. (Ark.) 


Quaely, Martin F., Chem., Guggen 
heim Bros., 90 Mt. Hebron Rd 
Montclair, N. J. (N.Y.) 

Quam, H. G., Sew. Wks. Supt 
Lisbon, N. Dak. (N. Dak.) 

| Quarles, W. E., Supt., n 
| Creek Sew. Tr. Pit., Boulder Crest 

Dr., Atlanta 3, Ga. (Ga.) 

| Quartly, Eric V., 20th & “B”’ Sts 

San Diego 2, Calif. (Calif.) 
Quay, Paul B. Chem. Water Dept., 
. F. D. 3, Galion, Ohio (Ohio) 


Intrenchment 
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| 
| 
| 
| 
| 
| 


Rayner, D., pt., Sew. Wks., 
Deighton, Huddosheld Yorkshire, 
Eng. (ISP) 

Reading, Lyle M., Opr., Sew. Tr. 
Pit., 16830 Ashton Rd., Detroit 
19, Mich. (Mich.) 

Reames, H. S., City Clk., Grand 
Ledge, Mich. (Mich.) 

Reaney, Charles F., Cons. Engr., 
Henderson, Tex. (Tex.) 

| Reardon, William R., Supt., Sew. Tr. 


| 
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Quick, Robert L., ge San. Engr., 
State Bd. of Health, O. Drawer 
“FE,” Vero Beach, Fla. (Fla.) 

Quigley Co., Inc., 527 Fifth Ave., 
New York 17, N. Y. (Assoc.) 

Quillen, Charles S., Engr., Havens 
& Emerson, 42 Wayne Ave., 
Orange, N. J. (N.J.) 

Quinn, R. J., Rep., Mathieson Alkali 
Wks., Box 3826, Orlando, Fia. | 
(Fla.) 

Quivey, Raymond V., Opr., Sew. 
. Pit. 25 Bruce St., Scotia, 
nN. 4. tm 

Rabbage, J. B., San. Engr., Chi- 
cago Pump Co., 2336 Wolfram St., 
Chicago 18, Ill. (Cen. St.) 

Radha Krishnan, S., Eng. Stud., 
Univ. of Toronto, c/o Miss Greta 
Golden, 1844 Yonge St., Toronto, 
Ontario, Can. ee 

Rafiq, S. M Esq., Exec. Engr., 
Pub. Wks., " Dept., 20 Jail Rd., 
Lahore, India (ISP) 

Ragaini, Frank, Cons. Engr., Clar- 
ence Blair Assoc., Inc., P. O. Box 
236, New Haven 2, Conn. (N. 
Eng.) 

Raisch, William, Cons. Engr., 118-11 
84th Ave., Kew Gardens, L. I 
N. Y. (N. Eng. and N, Y.) 

Ralston, Wilmer R., Opr., Sew. Tr. 
Pit., 214 William St., Downing- 
town, Pa. (Pa.) 

Ram Luis, 15 Arzuaga St., Rio 

5 P. R. RD) 

, Roy E., San. and Hydr 
igr., 2813 Parker St., Berkeley 
4, Calif. (Calif.) 

Ramsey, Oscar P., Crystal Beach, 
Ontario, Can. (Can.) 

Z . A., Supt., Sewer Dept.. 
‘ Tex. (Tex.) 

Rand, C. M. W., Jr., Sales Engr., 
Pittsburgh Equitable Meter Co., 

Bona Allen Bldg., Atlanta 3, 
Ga. (Ga.) 
lal W. T., Pres., Neptune 

, Ltd., Lakeshore Rd., Long 

1, Ontario, Can. (Can.) 

Raneri, Ray, Engr. (R), San. Eng. 
D USPHS, 19th & Constitution 
Ave N. W Washington 25, 
D. C. (Fed.) 

Ran ikin, R. S., Engr., The Dorr Co., 

) Lexington Ave., New York a 
NL Y. (Cen. St.; Dual—N.Y. 

Rape, Daniel J., Supt., Mun. Sew 
T Wks., 1560 Madison Ave 
Clearwater, Fla. (Fla.) 

C. E., Rep., Marble Cliff 
Juarries Co., 8 E. Long St., 
Columbus 15, Ohio (Ohio) 

Rat Henry M., 35-36 76th St., 
Jackson Hts., New York, N. 
(N.Y.) 

R: wlins, George S., Vice-Pres., J. N. 

> & Co., 119% E. Fifth St. 
Cl rlotte, N. C. (N.C.) 

Rawls, E.°M., Civil Engr., 407 
Legal Bldg., ‘ss heville, N. C., 
N.C.) 

Rawn, A. M., Chief Engr. & Gen 
] , Los Angeles Co. San. Dist., 
330 Bendix Bldg., 1206 S. Maple 
Av Los Angeles 15, Calif. 

alif.) 

Rawson, E. Otto, Town Engr., 
Barrie, Ontario, Can. (Can.) 

Ray, Theodora T., Oper. Engr., 
Marietta Army Air Field, Air In- 
staliation Office, Marietta, Ga. 


(Ga.) 


Pit., 1036 N. 17th St., Manitowoc, 
Wis. (Cen. St.) 

Reaves, Samuel H., Engr., Water 
Wks., 19 Fifth St., Tatnall Homes, 
Savannah, Ga. (Ga.) 

Rector, K. E., Cons. Engr., 2833 
Kentucky St., Topeka, Kan. 
(Kan.) 

Redding, Harry P., Engr., Durham 
Water Dept., Durham, N. C. 
(N.C.) 

Redfern, W. B., Cons. Engr., Proc- 
tor, Redfern & Laughlin, 36 To- 
ronto St., Toronto 1, Ontario, 
Can. (Can.) 


Reed, Charles A., Asst. City Engr., 





CONSOLIDATED MEMBERSHIP DIRECTORY 











Rm. 708, City Hall, Oakland 12, 
Calif. (Calif.) 

Reed, George W., 435 Bridge St., 
Yuba City, Calif. (Calif.) 

Reed, Leon H., P. O. Box 81, | 
Pittsfield, Mass. (N. Eng.) 

Reed, Marvin E., Plt. Engr., Norge | 
Div., 608 Randall Rd., Muskegon | 
Heights, Mich. (Mich:) 

Reed, Paul W., San. Engr., State 
Dept. of Health, 1098 W. Mich. 
St., Indianapolis 7, Ind. (Cen St.) 

Reed, Ralph, Asst. City Engr., 
Watertown, S. Dak. (S. Dak.) 

—_ Thomas F., Chem. Engr., 

S. Steel Corp. of Del., 436 
veh Ave., Rm. 1614, Pittsburgh 
SU). Fa. (Fa) 

Reedy, Timothy D., Supt., Sew. Tr. 
Plt., 2422 Miller Rd., Flint, Mich. 
(Mich.) 

Reese, Karl B., City Engr., City 
Hall, Hood River, Ore. (Pac. 
NW.) 

Reese, Marshall, Rep., Buck Hill 
Falls Co., Buck Hill Falls, Pa. 
(Pa.) 

Reese, R. J., Engr., Western State | 
Penitentiary, Rockview Farms, 
R. D. 3, Bellefonte, Pa. (Pa.) 

Reeve, Lester G., Opr., Sew. Tr 
Wks. & Ind. Wastes, 309 Loney 
St., Fox Chase, Philadelphia, Pa. 
(Pa.) 

Reeve, S. P., Black & Veatch, Cons. 
Engrs., 4706 Broadway, Kansas 
City 2, Mo. (Kan.) 

Reeves, C. F., Dist. Mgr., DeLaval 
Steam Turbine Co., 61 Beale St., 
San Francisco 5, Calif. (Calif.) 

Regan, ‘Charles L., Asst. Civil Engr., 

. City Dept. of Pub. Wks., 
299 W. 12th St., New York 14, 
Me, GED 

Regan, H. D., Supt. of Sew. Tr., 
Pub. Wks. Dept., Old Frankfort 
Pike, Lexington, Ky. (Ky.-Tenn.) 

Regedanz, Paul E., Sew. Tr. Wks., 
Ft. Wayne, Ind. (Cen. St.) 

Regester, Robert T., Cons. Engr., 
Baltimore Life Bldg., Baltimore 
1, Md. (Md.-Del.) 

Regnier, R. C., Engr., Whitman, 
Requardt & Assocs., 1304 St. 
Paul St., Baltimore 2, Md. (Md.- 
Del; Dual—Pa.) 
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Rehler, Joseph E., Comdr., U.S.N., 
130-56 Francis Lewis _ Bivd., 
Laurelton, L. I., N. Y. (N.Y.) 


Rehm, Leo F., Civil & San. Engr., 
Consoer, Townsend & Assoc., 7322 
N. Rockwell Ave., Chicago 45, 
Til. (Cen. St.) 

Rehman, M. A., 1107 no Main St., 
Urbana, Il. (Cen. St.) 

Reibling, T. L., Dist. 
Recovery Systems Co., 


Megr., Vapor 
1501 Euclid 





Ave., Cleveland 15, Ohio (Ohio 
and Pa.) 

Reid, G. Graham, Cons. Engr., 264 
Avenue Rd., Toronto, Ontario, 
Can. (Can.) 

Reid, George L., Assoc. Prof., San. 
Eng., Ga. Tech., Atlanta 3, Ga. 
(Ga.) 

Reilly, John J., Cons. Engr., 500 
Newrose Bldg., Main & Spring 
Sts., Pittston, Pa. (Pa.) 

Rein, L. E., Pres., Pacific Flush- 
Tank Co., 4241 Ravenswood Ave.., 
Lakewood Sta., Chicago 13, Ill. 
(Assoc.; Cen. St.) 

Reiners, A. H., Sales Rep., Cloroben 
Corp., 15 Exchange Pl., Jersey 
City 2, N. J. GX) 

Reinhardt, Arthur W., San. Engr., 
State Dept. of Health, 729 N. 
Mich. Ave., Pasadena 6, Calif. 
(Calif.) 

Reinke, E. A., Chief, Bur. of San. 
Eng., State Dept. of Health, 15 
Shattuck Sq., Berkeley 4, Calif. 
(Calif. ) 

Reinoehl, Don, 156 Univ. Ave., Palo 
Alto, Calif. (Calif.) 

Remson, John, Sew. Pit. Opr., 31 St. 
John’s Pl., Freeport, N. Y. (N.Y.) 

Rendle, Theodore, Chivers & Sons, 
Ltd Histon, Cambridge, Eng. 
(ISP) 

Renoud, Gleason L., Assoc. San. 
Engr., U. S. Army Air Force, 
740 Fourth Ave., Sacramento 14, 
Calif. (Calif.) 

Rensburg, W. N., Rep., Amer. Well 
Wks., Aurora, Ill. (Assoc.) 

Requardt, G. J., Cons. Engr., 1304 
St. Paul St., Baltimore, Md. 
(N.Y.) 

Reuning, Howard T., Engr., Key- 
stone Tanning & Glue Co., Mont- 
morenci Rd., Ridgway, Pa. (Pa.; 
Dual—W. Va.) 

Reuschel, Earl R., 2908 Clifton, St. 
Louis 9, Mo. (Mo.) 

Reynolds, Joel W., Gustavo Preston 
Co., 113 Broad St., Boston 10, 
Mass. (N. Eng.) 

Reynolds, Leon B., Prof., Hydr. & 
San. Eng., Rm. 275, Civ. Eng 
Bidg., Stanford Univ., Stanford, 
Calif. (Calif.) 

Reynolds, M. W., City Supt., City 
Hall, Durand, Mich. (Mich.) 

Reynolds, Ralph W., Mgr., W. Palm 


Beach Water Co., 

Fla. (Fla.) 
Reynolds, W. 
Westminster, 

Eng. (ISP) 
Ribal, Raymond Robt., l 

Hall, Oakland, Calif. (Calif.) 
Ribner, Morris, Bact., Mt. Prospect 
Y. City Dept. of Water 
355 Park PIl., Brooklyn, 
q.¥.) 


W. Palm Beach, 


D., 11 Victoria 
London, S. W 


St.. 
1 


701 .City 


Ribreau, Gilbert E., 
Dept. of Pub. Wks., 
St., Beechurst, L. I., 


Stat. Engr., 
14-65 162nd 
Nz ¥.. QU.) 
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Rice, Clifton L., Prin. Oper. Engr.., 
Water Dept., Morrison Field 
Army Air Base, 714 Claremore 
Dr., W. Palm Beach, Fla. (Fla.) 

Rice, John E., Chem., Dist. of 
Columbia, 161 Chesapeake St., 
S. W., Washington 20, D. C. 
(Fed.) 


Rice, John M., Cons. Engr., Century 
Bldg., Pittsburgh 22, Pa. (Pa.) 
Rice, Lawrence G., Gannett, Flem- 


ing, Corddry & Carpenter, 600 N. 
Second St., Harrisburg, Pa. (N.Y.) 

Rice, Russell J., Cons. Engr., 60 
Stevens Rd., Needham 92, Mass. 
(N. Eng.) 

Rich, E. A., City Engr., 1023 
Crestwood, Camden, Ark. (Ark.) 

Richards, G. H., City Engr., Brant- 
ford, Ontario, Can. (Can.) 


Richards, John E., Asst. Engr., | 


State Health Dept., 302 Ohio 
Depts. Bldg., Columbus 15, Ohio 
(Ohio) 

Richards, Paul W., 809 DeLowe Dr., 
E. Point, Ga. (Cen. St.) 

Richardson, Allyn, Sr. San. Engr., 
Dept. of Nat’l. Health & Wel- 
fare, Rm. 302, Williamson Bldg., 


Edmonton, Alberta, Can. (Can.; 
Dual—Pac. NW.) 
Richardson, C. G., Rep., Builders- 


Providence, Inc., Div. of Builders 
Iron Foundry, P. O. Box 1342, 
Providence, R. I. (Assoc.; Dual— 
N. Eng.) 

Richardson, L. A., Richardson Eng. 
Co., Kadoka, S. Dak. (S. Dak.) 

Richey, R. T., San. Engr., John 
Dolio, Cons. Engr., Rm. 1180, 
208 S. LaSalle St., Chicago 4, Il. 
(Cen. St.) 

Richgruber, Martin, 420 E. Oak 
St., Sparta, Wis. (Cen. St.) 

Richheimer, Charles E., Cons. Engr., 
Reynolds, Smith & Hills, 10 S. 
Laura St., Jacksonville, Fla. (Fla.) 

Richman, W. F., Opr., Sew. Tr. 
Pit., 111 E. 8th St., Winona, 
Minn. (Cen. St.) 

Richter, Paul O., Mgr., Central Div., 
Eimco Corp., 3319 S. Wallace St., 
Chicago 16, i. (Assoc.; Cen. St.) 

Rickard, Grover E., Supt., Water 
Wks. & Sew. Tr., Bd. of Pub. 


Wks., 130 East St., Oneonta, 
w.. ¥. CY.) 

Rickard, Joseph, 214 W. Clark, 
Negaunee, Mich. (Mich.) 


Rickenbach, Howard F., Boro. Mer., 
Boro. Hall, W. Reading, Pa. (Pa.) 


Ricketts, H. P., Field Engr., Infilco, 
Inc., 4301 9th Court S., Birming- 
ham 5, Ala. (Ky.-Tenn.) 

Riddell, J. C., City Engr., Town 


Hall, Oxford, Eng. (ISP) 


Riddell, James, Mun. Engr., Renfrew, 
Ontario, Can. (Can.) 


Riddell, M. D. R., Cons. Engr., 
Greeley & Hansen, 220 S. State 
St., Chicago 4, Ill. (Cen. St.) 


Riddick, Thomas M., Cons. Engr., 
369 E. 149th St., New York, 
N. Y. (N.Y.) 

Riddle, William G., Sr. Engr., Burns 
& McDonnell Eng. Co., 4511 
Benton Blvd., Kansas City 2, Mo. 
(Mo.) 

Ridenour, G. M., Assoc. Prof., 
School’ of Pub. Health, Univ. of 


Mich., Ann Arbor, Mich. (Mich.) | 


Riedel, 
Macon St., 
(N.Y.) 


John C., San. 


Engr., 505 | 
Brooklyn, N.Y. | 
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Riedesel, Henry A., Supt., Rockford 
San. Dist., Spring Creek Rd., 
Rockford, Ill. (Cen. St.) 

Riegel, H. J., Pres., Pump & Light- 
ing Co., Inc., 300 E. Ninth St., 
Charlotte, mn: oD 

Riehl, M. L., Chief Chem., State 
Dept. of Health, 380 Garden Rd., 
Columbus 2, Ohio (Ohio) 

Riehl, W. H., City Engr., City Hall, 
Stratford, Ontario, Can. (Can.) 
Riepe, Gerald E., Colo. State San. 
Engr., 720 Boston Bldg., Denver, 

Colo. (Rocky 5 

Riffe, Norman T., Engr., L. . 
Macabee, 759 Las Tee. Mar- 
tinez, Calif. (Calif.) 


Rigby, J. B. H., Vice-Pres., Ontario 
Constr. Co., Box 36, St. Cath- 
arines, Ontario, Can. (Can.) 

Rihm, Alexander, Jr., Asst. San. 


Engr., Div. of San., State Dept 
of Health, Albany 1, N. Y. (N.Y.) 
Riis-Carstensen, Erik, Asst. Engr., 
Nussbaumer & Clarke, Inc., 28 
Clorendon Pl., Buffalo 9, N. Y. 


(N.Y.) 
Riker, I. R., Boro. Engr., 50 Stock- 
ton St., Princeton, N. J. (N.J.) 


Riley, Harley M., Dist. San. Engr., 
State Dept. of Health, Rm. 709, 
Kilner (Press) Bldg., Binghamton 
60, N. Y. (N.Y.) 

Rinehart, Clidus, Supt. of Util., 
Hagerstown, Ind. (Cen. St.) 

Ritter, Bruce, Supt., Water & Sew. 
Tr. Pilt., Lake Odessa, Mich. 
(Mich.) 

Ritter, Rollin, San. Engr., Hdq., 3rd 
Army, 1302 W. Peachtree St., 
N. W., Atlanta 3, Ga. (Ga.) 

Ritter, Roy H., Civil Engr., Whit- 
man, Requardt & Assocs., 1304 St 
Paul St., Baltimore 2, Md. (Md.- 
Del.; Dual—N.Y.) 

Rives, J. A., Asst. Prof., San. Eng., 
Va. Polytech. Inst., Blacksburg, 
Va. (Va.) 

Roach, W. H., Supt., Water & Sew. 
Wks., Carryington, N. Dak. (N. 
Dak.) 

Roberton, L. T., Sew. Disp. Engr., 
565 William St., London, Ontario, 
Can. (Can.) 

Roahrig, Henry L., P. A. Engr. 
(R), USPHS, 240 Peabody St., 
N. W., Washington, D. C. (Cen. 
St.) 

Roberts, A. L., Supt., City Water 
Dept., Box 723, Globe, Ariz. 
(Ariz.) 

Roberts, Dr. C. R., Sales Chem., 
524 W. 57th St., New York, N. Y. 
(N.Y.) 

Roberts, E. F., Sec.-Treas., Grand 
River Conservation Comm., Box 
720, Brantford, -Ontario, Can. 
(Can.) 

Roberts, F. C., Jr., San. Engr., 
USPHS, Ft. W ashington, Washing- 
ton 20, D. C. Fed.; Dual— 
Calif.) 


Roberts, H. G., Dist. Megr., Rens- 
selaer Valve Co., 115 Townsend 
St., San Francisco, Calif. (Calif.) 


Roberts, Hazel V. (Miss), Jun. 
Anal Chem., Div. of Labs. & Re- 
search, State Dept. of Health, 
New Scotland Ave., Albany, N. Y. 
(N.Y.) 

Roberts, Jack, Engr., N. Toronto 
Sew. Tr. Pit., 515 Donlands Ave., 
E. York, Toronto, 
(Can.) 


Ontario, Can. | 


March, 1948 


Roberts, John D., 
Mfg. Co., Darby, Pa. (Pa.) 

Roberts, W. C., Dir. Pacific Eng. 
Lab., 604 Mission St., San Fran- 
cisco 5, Calif. (Calif.) 

Robertson, J. L., Jr., USPHS, Box 
1410, Honolulu, Hawaii (Fed.) 

Robins, Maurice L., Chem., Minne- 
apolis-St. Paul San. Dist., P. 0. 
Box 3598, St. Paul 1, Minn. 
(Cen. St.) 

Robinson, B., Dist. Megr., Hardinge 
Co., Inc., Rm. 305, 200 Bay St., 
Toronto, Ontario, Can. (Can.) 

Robinson, Clarence M., Dist. Engr., 
Ohio Dept. of Health, 98 N 
Sandusky St., Delaware, Ohio 
(Ohio) 

Robinson, G. G., Pres., Concrete 
Pipe, Ltd., 402 Harbour Bldg 
Toronto, Ontario, Can. (Can 

Robinson, I. F., Contractor for 
Sludge Removal, R.R. 2, Wil 
Grove, Ontario, Can. (Can.) 

Robinson, Kyle I., Pres., Pittsburgh 
Pipe Cleaner Co. of N. Y., 1 
Woolworth Bldg., New York 7, 

(Assoc. ) 

Robinson, Leslie, P. O. Box 1741 
Ft. Worth, Tex. (Tex.) 

Philip L., Sr. Sew. Oper 

Field Army Air 

Springhill Ave 


Roberts Filter 





Robinson, 
Engr., Brookley 
Depot, 2815 


Crichton 1, Ala. (Ga.) 

Robinson, Thomas F., 363 Spring- 
field St., Chicopee, Mass. (N 
Eng.) 

Robinson, W. S., Opr., Sew. Tr. Plt., 


152 E. Louise St., Long Beach 
Calif. (Calif.) 

Rocco, John, Asst. Plt. Opr., Sew 
Tr. Plt., 20 Queen St., Freeport 
hs. Ne.) 

Rocheleau, Robert F., Engr., Water 
Pollution Comm., Concord, N. H. 
(N. Eng.) 

Rockstraw, F. W., Dist. Sales Mer., 
Chicago Pump Co., 420 Oliver 
Bldg., Pittsburgh 22. Pa. (Pa.) 

Rodman, W. K., Div. of Health, 
Monett, Mo. (Mo.) 


Rodwell, R. D., Consultant, Downey 
Heating Co., 1739 W. St. Paul 


Ave., Milwaukee 1, Wis. (Cen. 
St.) 

Rodwell, W. K., 44 Park Cross St., 
Leeds, Yorkshire, Eng. (ISP) 


Roe, Frank C., Eastern Megr., Chi- 
cago Pump Co., 79 Madison Ave 
New York 16, N. Y. (N.Y.; Dual 
—wN. Eng.) 

Roe, Joseph P., Opr., Sew. Tr. Pit.. 
147-43 95th Ave., Jamaica, N. Y. 
(N.Y.) 

Roeller, R. S., Field Sales Mer 
Pa. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. (Pa.) 

Roesser, Robert, Asst. Ché@n., Sew. 
Authority, 66 Choate St., Buffalo. 
N. Y. (N.Y.) ° 

Roetman, Edmond T., San. Engr. 
Amer. Viscose Corp., 35 S. 9th St., 
Philadelphia 7, Pa. (Pa.; Dual 
Va. and W. Va.) 

Rogers, A. V. N., 
High Wycombe, 
Eng. (ISP) 


6 Terry Rd. 
‘Buckinghamshire 


Rogers, Allan H., Supt., Pub. Wks., 
110 ee ’St., Garden City, 
N.Y. 4.%..) 


Rogers, D. Paul, Prin. Chem., State 
Dept. of Health, Harrisburg, Pa. 
Pa.) 
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Rogers, Harvey G., Pub. Health 
Eng., Minn. Dept. Pub. Health, 
3416 Edmund Blvd., Minneapolis 


6, Minn. (Cen. St.) 
Rogers, Jack C., San. Engr., USPHS, 
Rodger Young Village, Los 

Angeles 27, Calif. (Fed.) 

Rogers, John A., Opr., Sew. Tr. 
a. 6 om Ave., Milford, 
Conn. (N. Eng. 

Rogers, M. F., Lcip 
041 Meridian St., 
Ind. (Ohio) 

M. W., Mer., Pub. Util. 
Carleton Place, Ontario, 
(Can.) 
Rogers, W. H., 
Grove San. Dist., 
Ill. (Cen. St.) 
Rogus, Casimir A., 
New York City 
Wks., 206-06 38th Ave., 
D. £. Be Ya) 
Rohlich, Gerard A., Univ. of Wis., 
Hydr. & San. Lab., Madison 6, 

Wis. (Cen. St.) 








Foods, Inc., 





Supt., Downers 
Downers Grove, 


Struct. Engr 








Indianapolis, | 


Dept. of Pub. | 
Bayside, 


| Ruge, J. 


Rolfson, Orville, Civil Engr. & Sur- 
veyor, 607-8 Bartlet Bldg., Wind- 
sor, Ontario, Can. (Can.) 

Roll, A. H., Supt., Sew. Tr. Pit., 
316 E. Main St., Chilton, Wis. | 
(Cen. St.) 

Rollins, Frank L., Assoc. Engr., Sew. 

r.. 174 Morgan St., Barberton, 

Ohio (Ohio) 

ins, W. B., Pres.. W. B. Rollins 

Eng. Co., 714 Railway Exchange 

Bldg., Kansas City, Mo. (Mo.) 
Romaine, Burr, Supt., Sew. Tr. Plt., 


237 Vincent St., Fond du _ Lac, 
Wis. (Cen. St.) 


Romeiser, C. H., 


& Water Dept., « Romeiser 
Drug Store, Auburn, Ind. (Cen. 
Roney, L. R., Supt., Water Wks., 


Grafton, N. Dak. (N. Dak.) 
Roob, F. H., Megr., City 
Dept., Columbus, Wis. 

Cen. -St.) 

Root, Darrell A., Sr. Civil 

E. Bay Mun. Util. Dist.. 

P . San Lorenzo, Calif. 
Rose Thomas D., Cons. Engr., 

Chapel Hill, N. C. (N.C.) 
Rosenberg, 

Taft Ave., 

N. Y. (N.Y.) 
Rosengarten, W. E., Twp. Engr., 75 

E. Lancaster Ave., Ardmore, Pa. 

lacs 
Ross, Admiral, 

Pit., 178 S. Oakley Ave., 

bus 4, sg (Ohio) 


Engr., 
538 Via 
(Calif. ) 








Hempstead, L 


Colum- 





Ross, T. T., M. D., State Health Of- 
ficer, a State Bd. of Health, 
State Health Bldg., Little Rock, 
Ark. (Ark.) 

Ross, W. E., Supt., Sew. Tr. Pit., 


221 S. 21st St., Richmond, Ind 
(Cen. St.) 

Rosser, Adron V., Supt., Water & 
Sew., Pub. Wks. Dept., City Hall, 


Cairo, Ga. 
Rostenback, Royal E., 319 N. 
Quincy St., Buckingham Com- 
munity, Arlington, Va. (Fed.) 
Roth, B. F., Supt., Sew. Tr. Wks., 
116 W. Spring St., Oxford, Ohio 
(Ohio) 
Rothrock, R. K.., 
New Orleans 15, La. 
Rounds, Garland L., Dir., Eng. Div., 
Federal Wks. Admin., 4625 37th 
St., N., Arlington, Va. (Fed.) 


(Ga.) 


5316 Dryades St., 
(Tex.) 


Supt., City Elec. 


Water & | 


Julius, Asst. Plt. Opr., | 
i: 


Attendant, Sew. Tr. | 





CONSOLIDATED MEMBERSHIP DIRECTORY 


Rowen, R. W., Vice-Pres., Nichols | 
Eng. & Research Corp., 60 Wall | 
Tower, New York, N. Y. (Assoc.; | 


Cen. St.) 
Rowley, P. Mells, Cons. San. 
401 Chester-Twelfth Bldg., 


Engr., 


Cleve- 


land 14, Ohio (Ohio) | 

Royer, R. Stuart, R. Stuart Royer | 
& ‘Assocs., Virginia Bldg., Rich- | 
mond, Va. (Va.) 

Rozenberg, H. W., Chief Engr., 
Armour Leather Co., 500 Arch St., 
Williamsport, Pa. (W.Va.) 

Ruby, William H., Chief Engr., 
Acme Limestone Co., Box 27, Ft. 


Springs, W. Va. (W. Va.) 
Ruchhoft, C. C., USPHS, E. 
& Kilgour Sts., Cincinnati, 


Third 
Ohio 


(Cen. St.; Dual—Fed.) 
Ruck, Fre — Supvr., Sew. Tr. 
Wks., R. , Troy, Ohio (Ohio) 


Set. Sew. Tr. Plt., 
Kenosha, Wis. 


Rudgal, H. - 
423 43rd Ave., 
(Cen. St.) 

Rudolfs, Dr. 
of San., Agr. 
Course 


Willem, Chmn., 
Expt. Sta., 
New _ Brunswick, 


Dept. 


¥.. CD 

Rudolph, R. L., Opr., Sew. Tr. Pit., 
P. O. Box 156, Bonita, Calif. 
(Calif.) 

Ruehl, Edward H., Rm. 
601 E. Franklin, Richmond 19, 
Va. (Va.) 

Rugaber, John W., Engr., Pet 
Co., Wayland, Mich. (Mich.) 

Herman, San. Engr., 
310, Jacksonville, Fla. (Fla.) 

Ruhmann, Ovid G., Supt., Sew. 
Tr. Plit., 3205 Roland Ave., Belle- 
ville, Ill. (Cen. St.) 

Rule, Fearn, Opr., Sew. Tr. Pit., 
Elgin State Hosp., Elgin, Il. 
(Cen. St.) 

Rule, Kenneth C., Chem., Westvaco 
Chlorine Products tan... F. ©. 
Box 272, S. Charleston, W. Va. 
(CW. Va.) 


Milk 


Hotel 


Short | 


205-07, | 


Rumble, G. B., Engr., R. R. 1, | 
Atherley, Ontario, Can. (Can.) 
Rummel, Edward F., Cons. Engr., 


a ass, Wieman & Assocs., 1021 
N. Calvert St., 


Md. “Del. ) 
James R., San. Engr 


715 Griggs 
Mich. 


Rumsey, 
Stream C “ Comm., 
St., S. E., Grand Rapids ‘e 


(Mich.) 

Runnells, D. L., Jr., Engr., Wol- 
verine Shoe & Tanning Corp., 528 
Prospect Ave., S. E., Grand Rapids 
3, Mich. (Mich.) 

Runyan, Damon, Cons. Engr., Box 
58, Longmont, Colo. (Rocky Mtn.) 


Runzler, Gustave, 563 Geneva St., 
Burlington, Wis. (Cen. St.) 

Ruppert, E. L., Pub. Health Engr., 
Wash. State Dept. of Health, 
1412 Smith Tower, Seattle, Wash. 
(Pac. NW.) 


Ruscica, Samuel, Gen. Megr., Ruscica 


Bros., 26 Industrial St., Leaside, 
Ontario, Can. (Can.) 

Rush, Karl K., Tech. Dir., Elec. 
Chem. Co., 8001 Franklin Blvd., 
Cleveland, Ohio (Ohio) 

Russell & Axon, Cons. Engrs., Mer- 
chants-Laclede Bldg., 408 Olive 


St.. Suite 203, St. Louis 2, Mo. 


(Mo.) 

Russell, Donald F., State Dept. of 
Health, 415 First Nat’l. Bank 
Bldg., Greensburg, Pa. (Pa.) 


Baltimore 2, Md. | 
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Russell, George S., Pres., Russell & 
Axon, Cons. Engrs., 7005 Lindell 
Blvd., St. Louis 5, Mo. (Mo.) 

Russell, J. P., Managing Ed., Water 
& Sewage, 341 Church St., To- 
ronto 2, Ontario, Can. (C an.) 

Russell, Jess L., Resident Engr.- 
Mer., Russell & Axon, Old & 


Third Bank Bldg., Union City, 
Tenn. (Ky.-Tenn.) 

Ryan, Alfred J., Cons. Engr., 
Crocker & Ryan, First Nat’l. 
Bank Bldg., Denver, Colo. (Rocky 


Mtn.) 

Ryan, J. Samuel, Street Comnr., 99 
Olean St., Bolivar, N. Y. (N.Y 
Ryan, William A., Consulting Chem- 
ist, 18 Ridge Rd., W. Rochester, 
¥. Gey.) 
Rybka, Dr. Karel R., 
96 Bloor St., W., 
tario, Can. (Can.) 


Cons. Engr., 
Toronto, On- 


Rybolt, Howard R., Assoc. Engr. 
& Supt. of Constr., Orlando Air 
Base, 1505 Ill. St., Orlando, Fila. 
(Fla.) 

Ryckman, Seymour J., Univ. of 
Maine, Wingate Hall, Orono, Me. 
(N. Eng.) 

Rymer, Mary E. (Mrs.), City 
Chem., City Hall, Colorado 
Springs, Colo. (Rocky Mtn.) 


Saavedra, Emilio F., 1462 H. Ave., 
Stop 20, Santurce, P. R. (P.R.) 
Sackrider, George, Water Wks. Supt., 


Stoney Creek, Ontario, Can. 
(Can.) 
Safford, Truman H., Cons. Engr., 


Chas. T. Main, Inc., 201 Devon- 
shire St., Boston, Mass. (N. Eng.) 

Sage, Howard Dr., Commr. of Pub. 
Vks., 192 S. Main St., Mechanic- 
ville, N. Y. (N.Y.) 

Sage a Norman W., 
Tr., Cadillac, Mich. 

Sager, John C., 2515 
S., Minneapolis 5, Minn. 
ot.) 

St. George, 
Sew. Tr. Pit., 
Fredonia, N. Y. 

St. John, Conrad H., 
Pit., Box 1411, 
(Fla.) 

St. Louis Co. 
Mo. (Mo.) 
St. Louis Pub. Library, Olive, 13th 
& 14th Sts., St. Louis 3, Mo. 
(Mo.) 
Salam, A., 
Eng., Govt. of 


Supt. of Sew. 
(Mich. ) 

Colfax Ave., 
(Cen. 


Sam., Asst. Plt. Opr., 
73 Cleveland Ave., 
(N.Y.) 

Supt., Sew Tr. 
Pensacola, Fla. 


Health Dept., Clayton, 


Directorate of Pub. Health 

Eastern Pakistan, 
P. O. & Dist——Dacca, Eastern 
Pakistan, India (Can.) 

Salle, Anthony, Opr., Sew. Tr. Plt., 
81 Buffalo Ave., Long Beach, 
N.Y. (N.Y.) 


Salvato, J. A., Jr., State Dept. of 


Health, 35 Market St., Pough- 
keepsie, N. Y. (N.Y.) 
Salvatorelli, Joseph J., Draftsman, 
Albright & Friel, Inc., 1829 S. 
12th St., Philadelphia’ 48, Pa. 
(Pa.) 
Sammis, L. A., Plt. Opr., Pilgrim 
State Hosp., Dept. of Mental 


O. Box 69, E. North- 


Hygiene, P. 
¥.. Gee) 


port, L. I., N. 
Sampson, George A., Cons. Engr. 

Weston & Sampson, 14 Beacon St., 

Boston 8, Mass. (N. Eng.) 


Sampson, J. A., Ia. State Dept. of 
Health, State Capitol Bldg., Des 
Moines, Ia. (Ia.) 
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Scovill, John R., Opr., Sew. Tr. 


Pit., 138 Forest Ave., Pearl River, 

N; YY. GD 

Scudder, A. P., 
80 Hamilton St., 
tre, N. Y. (N.Y.) 

t. George P., 275 Parker St., 

», Pa. (Pa.) 

Searls, Glenn, Supt., Sew Tr. Pit., 
Pine Grove Ave., Rochester, N. Y. 


Chem., 









Y.) 

Sea Dow I., Boro. Megr., Boro.,, 
Bidg., Pottstown, Pa. (Pa.) 

Sears, Walton H., Metro. Dist. Water 
Supply Comm., 20 Somerset St., 
Boston, Mass. (N. Eng.) 

Seaver, Wirt D., San. Engr., R. R. 
4. N. Kansas City, Mo. (Mo.) 


Seelye, J. C., City Engr., City Hall, 
Pueblo, Colo. (Rocky Mtn.) 

Seg A., City Engr., City Hall, 
Fresno, Calif. (Calif.) 

Seid, Sol., Supvr., 10 Suydam St., 


New Brunswick, N. J. (N.J.) 
Seidel, Harris F., Pfeifer & Schultz, 
ners., 2124 Como Ave., Apt. 302, 

St. Paul 8, Minn. (Cen. St.) 
Seidel, R. David, Cons. Engr., Floyd 

G. Browne & Assocs., Box 27, 

Marion, Ohio (Ohio) 

Seifert, William P., Cons.  Engr., 

Buck, Seifert & Jost, 77 Highview 
Ave., Tuckahoe, N. Y. (N.Y.) 
tel, G. C.,. Supt., a yi Dept., 
City Hall, 


Chino, Calif. (Calif.) 
Sellner, E. P., Assoc. Prof., San 
Eng., Univ. of Okla., Norman 
Ok (Kan.) 
Seltzer, J. M., Chem., Elkins Tan- | 
nery, Elkins, W. Va. (Pa.; Dual 
W. Va.) 
Se Joe, 797 Distel Ave., Detroit 


“Mich. (Cen. St.) 
Senseman, 
stion Eng. (¢ 

Los Angeles, Calif. 


0., 406 S. Main St., 
(Calif. ) 


Setter, Lloyd R., Rt. 81, a 
Rd., Knoxville, Tenn. (N.Y.) 

Settle. J. E., Cons. Engr., Att: J. E 
Settle, Pres., 30x 1047, Charles 
t W. Va. (Corp., W. Va.) 


Settle, Joseph E., Jr., Asst. Engr., 

|. 'E. Settle, ‘Cons. Engr., 808 
lide i Rd., Charleston, W. Va. 
Ja.) 


W. 





! D. B., Eng. Stud., Univ. 
_ Toronto, School of Hygiene 
Bldg., Toronto, Ontario, Can 





> 


n, A. M., Pres., Shanahans, 


Ltd.. P. 





O. Box 280, Vancouver, 
B. C. (Pac. NW.) 
Shannon, R. C., City Clk., Brighton, 


Mich. (Mich.) 
Shapely, W. H., Opr., Sew. Tr. Pit., 
Second Ave., Sibley, Ia. (la.) 
Shapiro, Robert, Chem., Sew. Tr 
Pit., 159-07 14th Ave., Beech- 
hurst, L. My MY. GAY.) 
Shard, R. Supt., Shirley Sew. 
Wks., Milibsook Point, Southamp- 
, Eng. (ISP) 
Sharp, G. W., Sec.-Treas., Carroll- 
Sharp Const., Ltd., 43 Scott St., 
Toronto, Ontario, Can. (Can.) 


Sharp, Perry C., USPHS, 3601 Belle- 


view Ave., Kansas City 2, Mo. 
(Fed.) 
Sharp, R. K., Sr. San. Engr., Dept. 
of Nat’l. Health & Welfare, Box 


296, St. John, N. B., Can. (Can.) 


Sharpe, R. H., 65 Bath St., 
C. 2, Scotland (ISP) 





Sew Tr. Plit., | 
Rockville Cen- 


William B., Megr., Com- | 


Glasgow, | 


, Sharts, P. E., 190 Orchard PI., 
Ridgewood, N. J. (N.J.) 

Shaw, Arthur L., Cons. Engr., Met- 
calf & Eddy, 
Boston 16, Mass. (N. Eng.) 

Shaw, Frank R., Sr. San. Engr., 
USPHS, 19th & Constitution Ave.. 
N. W. Washington 25, D. G 
(Fed.) 

Shaw, Morton, Opr., Sew. Tr. Pit., 
Marion, Ind. (Cen. St.) 
Shaw, Paul A., Chief Chem., 
nal Island Sea Foods, Ltd., 241 
Fish Harbor Wharf, 
Island, Calif. (Calif.) 


1300 Statler Bidg., 


Termi- | 


Terminal | 


Shea, Walter J., San. Engr., State | 


Dept. of Health, 327 State Of- 
fice Bldg., Providence, R. I. (N. 
Eng.) 

Shaefier, G. 
Holtwood 
Water & 
Pa. (Pa.) 

Shearer, A. B., Supt., Sew. Tr. Pit., 
11 Library Pl., San Anselmo, 
Calif. (Calif.) 


Edgar, 
Steam 
Power Co., 


Chief Opr., 
Station, Pa. 
Holtwood, 


Shearer, David H., Dist. Megr., Ind. | 


Div., Nat’l. Gypsum Co., 102 
Sixth St., W., Radford, Va. (Va.) 

Sheen, Robert T., Cons. Engr., 1300 
E. Mermaid Ave., 
Pa. (Pa.) 

Sheets, F. T., Engr., Southwestern 
Portland Cement Co., Osborn, 
Ohio (Ohio) 

Sheets, W. D., San. Engr., Burgess 
& Niple, 57 Orchard Dr., Worth- 
ington, Ohio (Ohio) 


Philadelphia 18, | 


| Showalter, 


Shenk, Raymond U.,_ Draftsman, 
1049 N. Fifth St., Reading, Pa. | 
(Pa.) 


Shephard, W. F., San. Engr., Mich. 
Dept. of Health, Lansing 4, Mich. 
(Mich.) 

Shepperd, 
age Wks. Engr., 24 W. 40th St., 
New York, N. Y. (N.Y.; Dual 
N. Eng.) 

Service Engr., Pa. 

Tacoma, Wash 


Shera, Brian L., 
Salt Mfg. Co., 
(Pac. NW.) 

Sherard, Ray L., Supt., 
Box 257, Cheyenne, Wyo. 


Water Dept., 
(Rocky 


Frederick, Ed. Dir., Sew- | 


Mtn.) 

Sheridan, Vincent J., Vice-Pres., 
Sheridan Equip. Co., Ltd., 33 
Laird Dr., Leaside, Ontario, Can. | 
(Can.) 

Sherman, Leslie K., Sr. San. Engr., 


of Health, 87 Welles 

Conn. (N. Eng.) 

Sherratt, Gayle F., Dist. Mgr., Chain 
Belt Co., 614 Grant Bldg., Pitts- 
burg 19, Pa. (Pa.) 

Shertzer, J. H., City Engr., 
ter, Pa. (Pa.) 

Sherwood, Nial, Cons. Engr., 19 
Chestnut St., Liberty, N. : 
(N.Y 


State Dept. 
Dr., Newington, 


Lancas- 


Sherwood, Patricia, Chem., Water 
Purif.. Water Tr. Plt., Cypress 
Landing, Ft. Lauderdale, Fla. 
(Fla.) 


Sherwood, William C., Rep., Hersey 
Mfg. Co., Corner of E and Second 
Sts., S. Boston 27, Mass. (Assoc.) 

Sherwood, 
San Francisco, Calif. (Ariz.) 

Shewbridge, W. H., Asst. Engr., 
Va. Health Dept., Richmond, Va. 
Va.) 

Shields, James L., Civil Engr., Tex- 
tile Machine Wks., P. O. Box 
1382, Reading, Pa. (Pa.) 


William H., 4316 Ulloa, | 
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Supt., Pub. Wks., 


| Shiffer, Russell R.., 
Stroudsburg, Pa. 


313 Wallace St., 
(Pa.) 

Shikles & Co., J. W., Cons. Engrs., 
505 Reliance Bldg., Kansas City, 
Mo. (Mo.) 

Shilling, LaVern G., Opr., Sew. Tr. 
Pit., 1112 Seal Way, "Seal Beach, 
Calif. (Calif.) 

Shillinger, William D., Ind. State 
Bd. o Health, Northwestern 
Branch Office, 55 S. Franklin St., 
Valparaiso, Ind., (Cen. St.) 

Shivers, Clifford H., The Ballinger 
Co., 105 S. 12th St., Philadelphia, 
Pa. (Pa.) 


Shivler, James F., Jr., Reynolds, 
Smith & Hills, Cons. Engrs., Box 
4817, Jacksonville, Fla. (Fla.) 


Shockley, C. A., Shockley Eng. Co., 
203 Reliance Bldg., Kansas City, 
Mo. (Mo.) 


Shockley, Homer G., San. Engr., 
1739 Frankenfield St., Allentown, 
Pa. (N.¥.) 


Shoebotham, T. B., Cons. Engr.. 
3612 N. W. 27th St., Oklahoma 
City 7, Okla. (Okla.) 

Shook, H. E., Dow Chem. Co., 10th 
Fl., 310 Sansome St., San Fran- 
cisco 4, Calif. (Calif.) 

Shook, Howard R., Asst. 
Nat’l. Sewer Pipe Co., 
St., Toronto, Ontario, Can. 

Charles M., 
(Pa.) 

Water & Waste Con- 

DuPont deNemours 
Wilmington, Del. 


Sales Mgr., 

320 Bay 
(Can.) 

Steward, 
Laurelton, Pa. 

Showell, E. B., 
sultant, E. I. 
& Co, Bic, 
(Va.) 

Shroyer, Edward, Chem., Filter Plt., 

Opr., Sew. Plt., Fairmont Water 
Dept., City Bldg., Fairmont, W. 
Va. (W. Va.) 

Shupe, S., City Engr., City Hall, 
Kitchener, Ontario, Can. (Can.) 

— Archie H., Plt. Opr., Sew. 

Pit., 52 Dellwood_ Rd., 
Egeertsville, N. YY: GUY) 

Sidle, R. S., 117 Stanford Rd., Nor- 
bury, London, S. W. 16, Eng. 
(ISP) 

Sieber, John D., Civil Engr., Al- 
bright & Friel, Inc., 8420 Ardleigh 
St., Philadelphia 18, Pa. (Pa.) 

Siebert, Christian L., Exec. Engr., 
Pa. Dept. of Health, 222 Willow 
Ave., Camp Hill, Pa. (Pa.) 

Siebert, Christian L., Jr., Asst. 
Chem. Engr., Bur. of Eng., Pa. 
Dept. of Health, Harrisburg, Pa. 
(Pa.) 

Sievers, Fred W., Supt., Sew. Tr. 
Pit., 302 Wash., Hudson, Mich. 
(Mich.) 


Signor, C. V., Water Supt., Grants 
Pass, Ore. (Pac. NW.) 
Sigworth, E. A., Chem. & Tech., 


Industrial Chem. Sales Div., 927 
Commonwealth De: Apt. ai 
Teaneck, N. J. (N.Y.) 

Silberbauer, Walter R., Insp., Camp- 
bell San. Dist., Box 614 Campbell, 
Calif. (Calif.) 

Simmerman, John H., Supt., Water 
& Sew., 215 Wildwood Ave., Pit- 
man, N. i, v.J.) 

Simmonds, I. G., Asst. Chem. Engr., 
Ontario Dept. of Health, 807 


Richmond St., W., Toronto 3, 
Ontario, Can. (Can.) 
Simmons, Frank, Supt., Water, 


Lights & Sew., City Hall, Douglas, 
Ga. (Ga.) 








430 


Smith, A. H., Cons. Engr., A. H. 
Smith & Co., 2205 Ashland Ave., 
Toledo 10, Ohio (Ohio) 

4 hes Benjamin L., Cons. Engr., 
Benjamin L. Smith & Assoc., Rm. 
1008, 11 N. Pearl St., Albany, 

| MY. aay) 

| Smith, Bernard F., Boro. Engr., 
Waynesboro, Pa. (Pa.) 

Smith, C., Supt., Sew. Tr. Pit., 
Forest Grove, Ore. (Pac. NW.) 
Smith, C. A., Cons. Engr., 300 | 
Carmen’s Bldg., 107 W. Linwood | 


Simmons, Paul D., Chem., Weirton , 
Steel Co., Weirton, W. Va. (W. | 
Va.) 

Simon, Samuel S., 125 Worth St., 
Rm. 816, New York, N. 
(N.Y.) 

Simon, Sheldon A., Supt., Sew. Tr. | 
Wks., Lancaster, Pa. (Pa.) 

Simone, Peter, Pres., Weston Const. 
Co., 11 King St., W., Toronto, 
Ontario, Can. (Can.) 

Simonton, Lewis R., Supt. of Filt., 
Griffin Water Wks., Griffin, Ga. 
(Ga.) 

Simpson, James R., Asst. San. Engr., 
Gilbert Assocs., Inc., 412 Wash. 
St., Reading, Pa. (Pa.) 

Simpson, John N., Engr., G. G. | 
Reid, 264 Ave. Rd., Toronto, On- | 
tario, Can. (Can.) 

Simpson, Rolland W., San. Engr., 
Gilbert Assocs., Inc., 412 Wash. 
St., Reading, Pa. (Pa., Dual— 
N.Y. and Va.) 

Simpson, William P., Civil Engr., 
Gannett, Fleming, Corddry & Car- | 
penter, 600 N. Second St., Harris- 
burg, Pa. (Pa.) 

Singer, Oscar C., Dist. Engr., Ohio 
Dept. of Health, 902 Adams St., 


Toledo 2, Ohio (Ohio) 

Singleton, M. T., Cons. 
Wiedeman & Singleton, E 
P. O. Box 1878, Atlanta 3, Ga. 
(Ga.) 

Sisler, H. H., Cons. 
First St., Kirkland, 
NW.) 

Sitler, W. S., San. Engr., Pa. 
of Health, ug Trust Bldg., 
ville, Pa. 

Siverts, slr 2% San. Engr., 351 
Calif. St., Rm. 408, San Francisco 
19, Calif. (Calif.) 

Sivyer, William, Branch Megr., 
Belt Co., 5375 Lancaster 
Philadelphia 1, Pa: 4Pa.) 

Skinker, C. R., Act. Supt., 

i Co., 





221 
(Pac. 


Engr., 
Wash. 


Dept. 
Mead- 


Chain 
Ave.., 


Palmer- 


Skinner, | oe ee 


Cons. Engr., 1610 
Idlewood Rd., Glendale 2, Calif. 
(Calif.; Dual—N.Y.) 

Sklarevsky, Dhan, Opr., Back 
River Sew. Tr. Plt., Baltimore 24, 
Md. (Md.-Del.) 

Shorczeski, L. F., Supt., Sew. Tr. 
Pit., Marshalltown, Ia. (Ia.) 
Slagle, Elmer C., Pub. Health Engr., 
State Dept. of Health, Section 
Special Services, U. Campus, 
Minneapolis 14, Minn. (Cen. St.) 
Slankard, M. W., City Mer., City 
Hall, Roseburg, Ore. (Calif.) 
Sleath, Aubrey B., Box 533N., | 

Niantic, Conn. (N. Eng.) 

Slee, Angus E., City Engr., City 
Hall, Longmont, Colo. (Rocky 
Mtn.) 

Sloan, Garrett, San. Engr., Whitman, 


Requardt & Assoc., 





Ave., Baltimore 21, Md. (M4d.- 
Del.; Dual—Pa.) ‘ 

Slocum, Adelbert I., Stat. Engr., 
N. Y. City Dept. of Pub. Wks., 
515 Beach 68th St., Arverne, 
N.Y. CY.) 

Slough, John, Opr., Sew. Tr. Pit., 
55 S. Highland Ave., Wellsville, 
N.Y. (N-Y.) 

Small, a, Asst. Plt. Opr., Sew. 
Tr. Pit., 32 Prospect Ave., Glen 
Cove, N. Y. y.Y 

Smallwood, Charles, Jr., Harvard 
Univ., 112 Pierce Hall, Cam- 
bridge, Mass. ( Mich.) 


1125 Eastern | 





Palmerton, Pa. | 
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| Smith, 





| Smith, W. C., 


Blvd., Kansas City 2, Mo. (Calif.) 

Smith, Campbell T., Co. - Engr 
Court House, Kingston, Ontario, 
Can. (Can.) 

Smith, Clark C., Maint. Supt., 
Wayre Co. Sew. Disp. System, 
14445 Rutland, Detroit 27, Mich. 
(Mich.) 

Smith, David B., Des. Engr., Rey- 
nolds, Smith & Hills, Engrs., | 
Milton, Fla. (Fla.) 

| Smith, E. A., Cappelen, 120 Broad- | 

| way, New York, N. Y. (N.Y.) 
Smith, E. E., Gen. Supt., Water 
& Sew., 119 W. High St., Lima, 
Ohio (Ohio) 

Smith, E. E., City Engr., City Hall, | 
Sault Ste. Marie, Ontario, Can. 
(Can.) 

Smith, Edward J., Supt., Sew. Tr. 
Pit., 2955 Weston Ave., Niagara 
Falls, N. Y. (N.Y.) 

Smith, F. D., Megr., Booneville 
Water Co., Box 175, Booneville, | 
Ark. (Ark.) 

Smith, F. L., Wks. Supt., 14 Thomas 
St... Merritton, Ontario, Can. 
(Can.) 

Smith, H. G., Engr. of Sewer Des., 
708 City Hall, Los Angeles 12, 
Calif. (Calif.) 

Smith, H. S., San. Engr., Stanley 
Eng. Co., Muscatine, Ia. (la.) 
Smith, Harold, Opr. Sew. Tr. Pit., 
143 N. Long Beach a Rockville | 

Centre, N. Y. (N.Y 

Smith, Harold L., Supt., Sew. Tr. 
Pit., 525 Center, Alma, Mich. | 
(Mich.) 

Smith, J. F., Sales Mgr., Great 
Western Div., Dow Chem. Co., 
10th Fl., 310 Sansome St., San 
Francisco, Calif. (Calif) 

| Smith, J. Irwin, Opr., Sew. Tr. Pit., 

| 15031 Vine St., Harvey, Ill. (Cen. 
St.) 

Smith, John, Chmn., Pub. Wks. & 
er _Committee, 18 Lowell 
Ave., St. Catharines, Ontario, Can. 
(Can.) 

Smith, Marvin L., USPHS, 513 
Bishopthorpe St., Bethlehem, Pa. | 
(Pa.; Dual—Fed.) 

Smith, Meloy, Cons. Engr., Smith 
& Fitzpatrick, 43 E. Main St., 
Rochester 4, N. Y. (N.Y.) 

Smith, Paul L., Opr., Sew. Tr. Pit., 
5404 Tramore Rd., Baltimore 14, 
Ma. (M.-Del.) 

Smith, R. C., Passaic Valley Sew. 
Comm., 463 Belleville Ave., Glen 
Ridge, N. J. (N-J.) 

Smith, R. L., Cons. Engr., 2083 
Wellesley Ave., St. Paul 5, Minn. 
(Cen. St.) 

Smith, R. Trumbull, Sales Engr., 
Wallace & Tiernan Co., 9818 
N. E. Mason St., Portland 13, 
Ore. (Pac. NW.) 

Smith, Ralph A., 1763 N. 7th St., 
Wauwatosa 13, Wis. (Cen. St.) 
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Smith, Robert J., 545 feeeth bt 
Lansing, Mich. (Mich. 

Smith, Russell H., Mfgr’s. Agt., 
Russell H. Smith Equip. Co., 5 
E. Long St., Columbus 15, Ohio 
(Ohio) 

Smith, Russell S., USPHS, E. Third 
& Kilgour Sts., Cincinnati 2, Ohio 
(Fed.) 

Smith, S. H., Supt., Bd. of Pub. 
Wks., So. Haven, Mich. (Mich.) 

Smith, W., 63 Kingsfield Oval, Bar- 
ford, Stoke-on-Trent, Staffs., Eng 
(ISP) 


Anthony, 2 
Otte rspool, 
Hertfordshire, Eng. (ISP) 

Smith, W. Austin, Sr. Partner, 
Smith & Gillespie, Cons. E 
P. O. Box 1048, Jacksonville, 
(Ga.) 


Smith, W. 
Cottages, 


Berrygrove 


Watford, 





Fla. 


Cons. Engr., 514 
Gunter St., Fayetteville, Ark. 
(Ark.) 
Smith, W. 
ice Co., 
Smith, Walter E., 
lace & Tiernan 
Brainard  St., 

(Mich.) 

Wendell H., Cons. 
Preston, Idaho (Pac. NW.) 

Smith, Willard W., Supt. 
141 Kennard ‘Ave., 
Ohio (Ohio) 

Smithson, Thomas, Cons. 
2, Box 564, Beaverton, 
NW.) 

Snear, Earl F.., 
Pa. (Pa.) 
Snedeker, L. LeVern, City 
150 S. McKenzie St., 
Mich. (Mich.) 
Snell, Major J. R., ¢ 
Snell, 364 Lebanon St., 

Mass. (N. Eng.) 

Snelsire, William, Rep., 
Mfg. Co., 641 Valen 
Pittsburgh, Pa. (Pa.) 

Snider, L. N., Supt. of 
Bud, Ill. (Cen. St.) 

Snider, Walter A., 2817 Northwest 
14th St., Oklahoma City, Okla 
(Okla.) 

Snook, W. F. A., 
Rainham _Rad., 
Eng. (ISP) 

Snow, Dons ld 1... San. 
USPH 2013. Mayview 
Cleveland 9, Ohio (Cen. St.) 

Ernest A., Jr., Chem., Mass. 
State College, Fernald Hall, Am- 
herst, Mass. (N. Eng.) 

Snow, Willis J., State Water Comm., 
State Office Bldg., Hartford, Conn 
(N. Eng.) 

Snyder, “John A., Jr... Opr., 
Disp. Plt., 3350 Nevada 
Fresno 2, Calif. (Calif.) 

M. K., Civil Engr., 
Wash. (Pac. NW.) 

Snyder, N. S., Sales Engr., 
Belt Co., 688 Ellicott Sq. 
Buffalo 3, N. Y. ‘fe 
R. F., Supt., Sew. 

Milton Ave., N. E., 

Ohio (Ohio) 

Soden, William W., Engr., Chg. of 
Ind. Wastes, 1608 Walnut St., 
Philadelphia 3, Pa. (Pa.) 

Solander, Arvo A Assoc. Pub. 
Health Engr., Water & San. In- 
vestigation Station, USPHS, Kroger 
Bldg., 7th & Walnut Sts., Cin- 
cinnati, Ohio (Fed.) 


Hill, Southern Elec. Serv- 
Charlotte, N. C. (N.C.) 
Dist. Mgr., Wal- 
Co., Inc., 415 
Detroit, Mich 


Engr., 


of Sewers, 
Barnesville, 


Engr., Rt. 
Ore. (Pac 
Sewer Supt., Media, 
Chem., 
Adrian 


o Mrs. J. R. 
Melrose, 


Pa. Salt 
Trust Bldg., 


Util., Red 


Farm 


Essex, 


Bretons 
Rainham, 





Snow, 





Sew 
Ave., 
Snyder, Sequim, 
Link 
Bldg., 


Tr. Wks., 


Snyder, Ms 
Massil- 


1717 
lon, 








Vol. 
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Solvay Sales Corp., c/o Solvay Proc- | Spiegel, Milton, Vice-Pres. & Gen. | =; Lee W., Opr., Sew. Tr. Plt., 








ess Co., Att: Norman C. Weil, Mgr., Chicago Pump Co., 2300 Box 383, Casper, Wyo. (Rocky 
Tech. Service, Syracuse 1, N. Y. Wolfram St., Chicago, Ill. (Assoc.; | Mtn.) 
(Corp.. N.Y. Cen. St.) | Starling, Charles H., Field Engr., 

Somers, Verne, oe Sew. Tr. Plt., | Spieker, Roy G., Mgr., Scott Eng. | Infilco, Inc., 511 Sunset Blvd., 
219 N. Third St., Stevens Point, Co., Inc., 135 N. Phillips Ave., Baton Rouge, La. (Ark.) 

Wis. (Cen. St.) P.O. Box 756, Sioux Falls, S. | Staub, William S., Chief Engr., W. 

Sommerteldt Everett L., Opr., Sew. Dak. (S. Dak.) | Va. Water Service Co., 814 Peo- 
Tr. Plt., 133 Kohler St., Tona- | Spielvogel, Chester R., Cons. Engr., | ples Bldg., Charleston, W. Va. 
wanda, N. Y. (N.Y.) 2 Perkins Manor, Apt. 15, Jamaica | (W. Va.) 

Sorbel, J. L., Dist. San. Engr., State Plain, Mass. (N. Eng.) f | Stauff, Paul V., City Chem., Park 
bd. of Health, Pennington Co. | Spies, Kenneth H., Assoc. San. Engr. | Hotel, Eveleth, Minn. (Cen. St.) 
Health Unit, Rapid City, S. Dak. State San. Authority, 1617 N. E.| Staunton, Jack L., San. Engr. 
(S. Dak.) | 65th Ave., Portland 13, Ore. | =M. W. Lieberman, Consultant 5 

Sotter, Ralph R., Chief Oper. Engr., | _ (Pac. NW.) Maiden Lane, New York 7, N. Y. 
Richmond Sunset Sew. Tr. Plt., | Spindler, W. H., —— Mgr., (N.Y.) 

4545 Lincoln Way, San Francisco | Armco Drainage Products Assn., | Staven, Julian, Cons. E B 
». Calif. (Calif.) | _ Middletown, Ohio (Assoc.) 508, Rapid” Clty’, ‘Dak. (S. 
Soule, Ralph M., State Dept. of | Sponagle, Charles E., Gave. Stud., | Dak.) 
Pub Health, 511A State House, Univ. = Minn., 384 S. Hamline | Staynes, E. -H., O; S 
- Cig S t - | s ; ., Opr., Sew. Wks., 
Boston 33, Mass. (N. Eng.) Ave., St. Paul 5, Minn. (Cen. St.) | Mitchell Laithes, Dewsbury, Yorks.. 

Sours, W. B., Engr., Sours Engrs., | Spotts, bt E., Engr. & Surveyor, | Eng. (ISP) 

Chatham, Va. (Va.) | 525’ Elm St., Reading, Pa. (Pa.) | Stead, Frank, Rm. 646 Phelan Bldg. 

Southam, F. J., Supt., Sew. Wks., | Sprague, J. T., City Engr., Miami, | 260 Market St., San Francisco, 
Randall Rd., Leathe sthead, Surrey, Okla. (Okla.) Calif. (Calif.) 

(ISP) Spriggs, W. R., Opr., Holmes Pump- Stearns, Donald E., Prof., Syracuse 

Sowdon, William K., 342 Madison |, ing Station, ’ Wheatley, Doncaster, | Univ., College of Applied Science, 
Ave., New York, N. Y. (N.Y.) Yorkshire, Eng. (ISP) | Syracuse 10, N. Y. (N.Y.) r 
Spacey, T., Supt., Sew. Wks., | Spry, Fred J., Asst. Prof., Civil | Stebel, H. M., Opr., Sew. Tr. Pit., 
Harpenden, Hertfordshire, Eng. Eng., Cornell Univ., Lincoln Hall, | 201 S. College Dr., Bowling Green, 
(ISP) | Ithaca, N. Y. (N.Y.) | Ohio (Ohio) 

Spaeder, Harold J., Engr., The Dorr | Spurgeon, Ralph, Opr., Sew. Tr. Plt., | Steck, Robert F., Engr., Pa. Dept. 
Co... Mic. 2 N. LaSalle St., 12 Cavin St., Ligonier, Ind. | of Health, 102 W. Lincoln, Pal- 
Chicago 1; ill (Cen. St. and | (Cen. St.) myra, Pa. (Pa.) 

Ohio) | Stache, Paul, Plt. Opr., Kings Park | Steckler, Harry P., Water Wks. 

Spaeth, Julius, Opr., Sew. Disp. Plt., | State Hosp. , Box 339, Kings Park, Supt., Yankton, S. Dak. (S. Dak.) ‘ 
116 W. Kirwin, Salina, Kan L. iS oN VND Y) | Steeg, Henry B., Henry B. Steeg & 
(Kan.) Stack, John P., Supt., City Light & | — Assocs., Cons. Engrs., 129 E. Mar- 

Spahr, H. E., Safety-Service Dir., Water Pit., N. Fifth St., Goshen, | ket Bidg., Indianapolis 4, Ind. 
City Bldg., Wilmington, Ohio Ind. (Cen. St.) | (Cen. St.) 

(Ohio) Stalbird, James A.,° State Dept. of | Steele, B. P., Rep., Pa. Salt Mfg. 

Sparks, George H., Supt., Light & | Health, Paul Smith Bldg., Sara-| Co., 40 W. 40th St., New York 
Water Dept., 209 W. Forrest, | mac Lake; N: ¥: CNY.) 18, N. Y. (Assoc.) 

East Point, Ga. (Ga.) | Staley, H. H., Partner, Staley & | Steele, Frank C., Opr., Sew. Tr. Plt., 

Sparks, W. H., City Engr., City Maier, Cons. Engrs.. 3226 Milbern, 879 Prouty Ave., Toledo 9, Ohio 
Hall, Kamloops, B. C., Can. | Houston 4, Tex. (Kan.) (Ohio) 

(Can.) Stalker, W. D., Mer., Pub. Util. | Steffen, Alfred J., San. Engr., Wilson 

Sparks, William A., Asst. Plt. Opr., | Comm., Simcoe, Ontario, Can. & Co., Inc., Research & Tech. 
Sew. Tr. Plt., 507 Hoffman St., | (Can.) Dept., 4100 S$. Ashland Ave., Chi- 
Newark, N. Y. (N.Y.) | Stanbridge, H. H., Opr., Sew. Wks., cago 9, Ill. (Cen. St.; Dual— 

Sparr, A. E.,. 2054 ———— Ave., | Hook Rd., Epson, Surrey, Eng. Mich.) 

Brooklyn 10, N. Y. (N.Y (ISP) Steffensen, S. W., 125 Worth St., 

Spaulding, L. H., Rep., a | Stanbridge, J., Supt., Sew. Wks., Rm. 821, New York, N. Y. (N.Y.) 
Pipe & Tank Co., 6851 E. Margi- Breywick Rd., Maidenhead, Berks., Steffes, Arnold M., Asst. Maint. 
nal Way, Seattle 8, Wash. (Pac. Eng. (ISP) | Engr., 791 Lincoln Ave., St. Paul 
NW.) Standard Ultramarine Co., Att: | 5, Minn. (Cen. St.) 

Spear, James J., Gen. Supt., M. C. Laurel F. May, Chem., Hunting- | Stegeman, Paul, Supt., Sew. Tr. Pit., 
Nottingham Co., 123 N. Cloverly, ton, W. Va. (Corp., W. Va.) | 1420 W. Main St., Midland, Mich. 
Temple City, Calif. (Calif.) Stanhope, Clifford T., Eastern Sales (Mich.) 

Specht, J. E., Supt. of Util., Orr- Mgr., Vapor Recovery Systems | Stein, W. F., 901 F St., Copeland 
ville. Ohio (Ohio) Co., _30 Church St., New York, Pk., Newport News, Va. (Va.) 
Speiden, H. W., Prof., Dept. of _N. Y. (Assoc.; N.Y.; Dual—Pa.) Steindorf, R. T., Sales Mgr., Con- 
Civil Eng., W. Va. Univ., Mor- | Stanley, C. M., Cons. Engr., Stanley veyor & Process Equip. Div. 
gantown, W. Va. (Pa.: Dual— Eng. Co., Box 807, Muscatine, Ia. Chain Belt Co.. 1600 W. Bruce 
W. Va.) . ured oe oe St., Milwaukee 4, Wis. (Cen. St.) 
yer Albert W., City Engr., | Stanley, Don R., Prov. San. Engr., ne : ere ics 

"e ity Hall, N. Foienate. N. v Dept. of Pub. Health, Edmonton, See. =. t. % Pay, i oY 

N'Y.) Alberta, Can. (Can.) all, E. icago, Ind. (Cen. St.) 

Gah ‘ es ; Stanley, Joe A., Jr., Distr., Standard | Steiner, S. K., 79 Madison Ave., 

hee vek HS red | Oil Co, 2409 "30th St..” Lubbock, | New York, N. Y. (N.Y.) 

: Tex. (Tex.) Steinman, R. W., Supt., Water Dept., 

Spencer, Robert D., 106 Emmet, | stanley, William E., Prof., Dept P. O. Box 383, Beggs, Okla 
Ypsilanti, Mich. (Mich.) . “toe RC, eH 4a ’ ‘ka atte A i a 

of Civil & San. Eng., Mass. Inst. (Okla.) 

Spennato, S. J., Clk.-Treas., Box 95, of Tech., Cambridge 39, Mass. | Stepanek, Charles H. B., 133-16 
Hearst, Ontario, Can. (Can.) (N. “ —_— : 35th Ave., Flushing, N. Y. (N.Y.) 

Sperling, Elmer J., 1333 McCutcheon, | Stanton, Charles C., Sales Engr., | oye Fave . . 
Richmond Heights, Mo. (Fla.) Chain Belt Co., 5375 Lancaster — or aero Fag ring 

Sperry, John R., San. Engr., Walker — Pa. (Pa.; Dual 9 James St., St. Catharines, On- 
Process Equip., Inc., Aurora, Ill. | . ; ; Z , tario, Can. (Can.) 

(Cen. St.: Dual—Ohio) Stapf, R. J., San. Engr., State Bd. Stenhens: C 1. 57 Post St.. S: 
, : of Health, Pierre, S. Dak. (S. | “*€phens, Catron. of tot ae. San 

Sperry, Walter A., Supt., Aurora Dak.) Francisco, Calif. (Calif.) 

ae — Ls O. Box 241, Aurora, | Stapley, Edward R., Act. Dean of | Stephenson, R. J., Asst. San. Engr., 
. (Cen. St.) Eng., Oklax A. & M. College, Dept. Nat’l. Health & Welfare, 
Spicer, C. H., Cons. Engr., 404% 27 College Circle, Stillwater, Okla. Box 1012, Vancouver, B. C. (Pac. 








Court St., Saginaw, Mich. (Mich.) (Okla.) NW.) 











432 


Sterling, Clarence I., Office of Co- 
ordinator of Inter-Amer. Affairs, 
3624 Commerce Dept. Bidg., 
Washington, D.C. (N. Eng.) 

Sterns, Edward A., Supt., Water 
Dept., 24 Union St., Hamburg, 
N.Y...) 

Stevens, Donald B., San. Engr. (R), 
USPHS, 18 Highland Ave., New- 
buryport, Mass. (Fed.) 

Stevens, Harry, White Point, R.F.D. 
1, Leonardtown, Md. (Md.-Del.) 

Stevens, William R., City Engr., 
Tulare, Calif. (Calif.) 

Stevenson, Albert H., P. A. San 
Engr. (R), USPHS. E. Third & 
Kilgour Sts., Cincinnati 2, Ohio 
(N.Y.) 

Stevenson, Ralph A., Cons. Chem., 


Stevenson Chem. Co., 641 Gibbons 
t., Los Angeles 31, Calif. (Calif.) 


Stewart, A., Daldowie Estate, Broom- 


house, Lanarkshire, Scotland (ISP) 

Stewart, Dueray L., Asst. Civil 
Engr., 701 City Hall, Oakland 12, 
Calif. (Calif.) 

Stewart, Earl, Plt. Chem., 1315 
McTavish St., Regina, Saskatche- 
wan, Can. (Can.) 

Stewart, F. C., Cons. Engr., 1007 


Vancouver, 


Dominion Bank Bldg., 
B. Dual—Pac. 


Can. (Can. 


NW.) 

Stewart, F. D., Asst. Chief Engr., 
Ohio Dept. of Health, 29 E. 
Shreyer PI., Columbus, Ohio 
(Ohio) 

Stewart, H. M., Opr., Wawa Dairy 
Farms, 35th & Allegheny Ave., 
Philadelphia, Pa. (Pa.) 

Stewart, Jesse A., Engr., 933 Tenth 
St., Huntington Beach, Calif. 
(Calif.) 

Stewart, Prof. L. O., Head, Dept. 
Civil Eng., Ia. State College, 
Ames, Ia. (Ta.) 

Stewart, M. A., Commr. of Wks., 
Dept. of Wks., City Hall, To- 
ronto, Ontario, Can. (Cau.) 

Stewart, M. D., City Engr., P. O. 
Box 100, Sudbury, Ontario, Can. 
(Can.) 


Stewart, Morgan E., 1163 Laurel St., 


Berkeley 8, Calif. (Calif.) 

Stewart, Spencer D., Southside Water 
Co., 240 E. Van Buren, Phoenix, 
Ariz. (Ariz.) 

Stewart, W. E., Opr., Sew. Wks., 
Toledo, Ia. (la.) 

Stewart, W. H., P.O: Box 767, 
Syracuse, N. Y. (N.Y.) 

Stiemke, Robert E., Assoc. Prof., 
San. Eng., N. C. State College, 
Civil Eng. Dept., Raleigh, N. C. 
(N.C.; Dual—Pa.) 


Stigall, J. C., Pub. Wks. Dept., 
U. 'S. Naval Air Station, 3558 
San Antonio, Corpus Christi, Tex. 


(Tex.) 





Stillwell, H. L., Dickson & Stillwell, 
Inc., 404% S. Tryon St., Charlotte, 
mn: <8.) 

Stilson, Alden §S., Cons. Engr., 209 
S. High St., Columbus 15, Ohio 
(Ohio) 

Stinson, Robert, Asst. Engr., Dept. | 
of Health, Valley Forge Rd., Nor- 


ristown, Pa. (Pa.) 





Stock, J. S., 55% S. Franklin St., 
Valparaiso, Ind. (Cen. St.) 

Stock, Mitchell B., Cons. Engr., 
559 Knowlton St., Bridgeport 8, 


Conn. (N. Eng.) 


Stockfish, H. G., 
Ontario, 


Mayor, Preston, 
Can. (Can.) | 
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Stockman, L. R., Cons. Engr., 
Baker, Ore. (Pac. NW.) 

Stockman, R. L., San. Engr., State 
Health Dept., 1412 Smith Tower, 
Seattle 4, Wash. (Pac. NW.) 

Stoker, E. C., ‘‘Ridgemead,’’? Lyne 
Farm, Chertsey, Surrey, Eng. 
(ISP) 

Stolz, Stanley B.. Dept. of Pub. 
Health, 30 Church St., New 
Rochelle, N. Y. (N.Y.) 

Stone, A. R., Stoke Farm, Stoke 
Bardolph, Nottingham, Eng. (ISP) 


Stone, Misha, Plt 
Distilling Co., 
(Pa.) 


Supt., Old Clover 
Tunkhannock, Pa. 


Stones, T., Supt., Sew. Disp. Wks., 
Borough Rd., Salford 5, Lanca- 
shire, Eng. (ISP) 

Stops, J. W., Corp. Farms, Beau- 
mont Leys, Leicester, Eng. (ISP) 

Storey, Benjamin M., Opr., Minn.- 
St. Paul San. Dist., 2240 Edge- 
combe Rd., St. Paul 5, Minn. 
(Cen. St.) 

Stork, J. R., Reeve, Louth Twp., 
R. R. 3, St. Catharines, Ontario, 
Can. (Can.) 

Storrer, Frederick R., 23919 Mich. 
Ave., Dearborn, Mich. (Mich.) 

Storrie, William, Cons. Engr., 1130 
Bay St., Toronto 5, Ontario, Can. 
(Can.) 

Stotter, Meyer, Engr., E. I. duPont 


de Nemours & Co., 153 Whitehead 
Ave., S. River, N. J. (N.J.) 








March, 1948 


Strickland, G. H., Supt., 
607 Canada Bilde.. Windsor, On- 


Filt. Pit., 


tario, Can. (Can 
Strickland, Raymond, Asst. Plt. Opr., 
525 Christy St., Marion, Ind. 


(Cen. St.) 


Striger, R. M., San. Engr., Feemaster 


& Striger, 3317 N. State St., Jack- 
son, Miss. (Ga.) 

Strine, S. M., Dist. Engr., Ohio 
Health Dept., 1303 23rd N. E.. 
Canton, Ohio (Ohio) 

Strockbine, Walter, Sew. Plt. Supt., 
Budd Mfg. Co., 3433 Ryan Ave.. 
Philadelphia 36, Pa. (Pa.) 

Stroessenreuther. G. A., Opr., Sew. 
Tr. Pit., 770 Grand Ave., St. 
Paul 4, Minn. (Cen. St.) 

Stroh, Charles Kirk, Partner, The 
Chester Engrs., 1203 Colonial PI. 
Sewickley, Pa. (Pa.) 

Strong, A. L., Dist. Engr., Portland 
Cement Assn., Box 1700, Helena, 
Mont. (Mont.) 

Strong, Bruce F., yaa Sew. Tr 
Pit., 1111 Wash. St., Olean, N.Y 
(N.Y.) 

Strother, B. L., Water Purif. Supvr., 
DuPont Rayon, Richmond, Va 
(Va.) 

Strowbridge. John C., 14 Millard St., 
Dundee. N. Y. (N.Y.) 

| Struss, John. Opr., Sew. Tr. Pit.. 
202 E. 10th St... N. Wildwood 
N. J. (N.J.) 
| Struthers, Ray W.. Supt., Water 
Stowell, Edwin R., Rt. 1, Box 174, | Dept., Pendleton, Ore. (Pac. NW.) 
_ Hughson, Calif. (Calif.) | Stuart, Fred E.. Stuart Corp., 516 
Straight. P. D., San. Supvr., Alder- | oN. Charles St., Baltimore 1, Md 
son, W. Va. €W. Va.) (Pa.) 
Straker, M. L., Opr., Sew. Tr. Wks., | Studebaker. Lec ‘ we 
Box 65, Versailles, Ohio (Ohio) Wke.. 38 Genie Fe Gamma, 
Strand, John A., Partner, Ward & Ind. (Cen. St.) 
Strand, Cons. Engrs., 1 W. Main | ¢« io Site. “Sne Hie sen 
St., Medion 3, Wie. (Cm. 6) | “ER, Eirite G. me Chy Hal. 
| Strand, Philip E., Sew. Plt. Opr., | « ; fears Sanaa 
eae 4 + poi Sturgeon, Myron A., Civil Engr., 
oe See vee, en | "2115 ‘Kimball Tesvace, Norfolk. 
(Cen. St.) Va. (Va) 
or. Charles J., Dir, Pub. | es c ; 
Wks., City Hall, Jamestown, N. Y. a a R. G., Town Engr., Port 
(N.Y.) Elgin, Ontario, Can. (Can.) 
Stra ai ve Stutz, C. N., San. Engr., McLean 
Strang, J. A., Div. Megr., Wallace & > 
yeni o.) A Co. Health Dept., 1009 N. Park 
Tiernan Sales Corp., 1004 Balti- St. Sisasatoaten Il. (Cen St.) 
more Ave., 506 Dwight Bldg., ’ . 4 . 
Kansas City 6, Mo. (Kan.) | Suchocki, John, Opr., Sew. Tr. Pit., 
Stratton, Charles H., Stat. Engr.- | Roslyn Heights, 
Elec., Dept. of Pub. Wks., 3554 
95th St., Apt C4, Jackson 
Heights, L. I., N. Y. (N.Y.) 

Straub, Conrad P., Sr. Asst. San. 
Engr., USPHS, E. Third & Kil- 
gour Sts., Cincinnati 2, Ohio 
(N.Y.) 

| Street, Haskell R., Chem., Sew. Tr. 
Pit., 3821 Memphis, El Paso, Tex. 
(Tex.) 

| Street, John Z., Engrs. Office, New 
Castle, Pa. (Pa.) 

Streeter, Eldon R., Opr., Sew. Tr. 
Pit., Rt. 64, Furey Ave., Madison 
4, Wis. (Cen. St.) 

Streeter, H. W., San. Engr., USPHS, 
E. Third & Kilgour Sts., Cincin- 
nati 2, Ohio (Fed.) 

Streeter, Robert L., Cons. Engr., 
P. O. Box 2010, Casper, Wyo. 
(Rocky Mtn.) 

Streeter, S. H., Contractor, Streeter 

Co., ‘“‘Santasu,’? Warren Rd., 

Guildford, Surrey, Eng. (ISE) 

| Strelow, J. L., Supt., Sew. Plt., 1616 

Jersey Ridge Rd., Davenport, Ia. 

(Ta.) 








78 Maple St., 
N.Y: YS 


Suhr, A. F., Opr., Southerly Sew. 
Tr. Wks., 1567 Lakewood Ave., 
Cleveland, Ohio (Ohio) 

Sulentic, S. A., Cons. Engr., 327 
New Eng. Bldg., Topeka, Kan. 
(Kan.) 

Sulesky, Adam E., State Dept. of 
Health, 23 Upland Rd., Somer 
ville, Mass. (N. Eng.) 

Sullivan, M. D., USPHS, 1312 N 
Cleveland, Arlington, Va. (Fed.) 

Sullivan Valve & Eng. Co., Att: 
T. J. Sullivan, Pres., 910 S. Ariz. 
St., Butte, Mont. (Corp., Mont.) 

Sult, Wallace, Opr., Sew. Tr. Pit., 
1131 W. Fourth St., Marion, Ind. 
(Cen. St.) 

Summers, M. W., Civil Engr., W. 
Middlesex Main Drainage, ‘‘Arran,”’ 
Broom Way, Oatlands Pk., Wey- 
bridge, Surrey, Eng. (ISE) 

Sund, Gutorm, Opr., Sew. Tr. Pit., 


Altoona, Wis. (Cen. St.) 


Susa, Stephen A., Supvr., Sew. Pit., 
nd Hamilton Ave., Farrell, Pa. 
(Pa.) 
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Susser, Paul L., Asst. Attendant, ; Szymanoski, Walter, Asst. Plt. ~*~ Taylor, J., ‘“Langwood,” Foxdenton 


Sew. Tr. Pit., 3138 N. Main St., 106 Hunter Ave., Syracuse, N. Y Lane, er Oldham, Lan- 
Dayton, Ohio (Ohio) (N.Y.) cashire, Eng. (IS 
Sutcliffe, H. W., Sutcliffe Co., Ltd., Szymanski, John R., Opr., Sew. Tr. | Taylor, J. C. D., Professional Engr., 
New Liskeard, Ontario, Can. Pit., New Britain, Conn. (N. 604 Jubilee Ave., Winnipeg, Mani- 
(Can.) Eng.) toba, Can. ( Can.) 
, Suter, Max, San. Engr., Ill. State Taylor, Jack, Dir., Wash. State Pol- 
Water Survey, 405 W. Elm. St., . lution’ Control ‘Comm., Olympia, 
Ss Tabor, Lawrence R., Regional 
Urbana, Ill. (Cen. St.) Wash. (Pac. NW.) 
e ths Engr. S. E. Health Region, P. O. 
) Sutherland, Ben C., 313 S. Chap- Box 23, Waycross, Ga. (Ga.) Taylor, LaVerne C., Partner, Chas. 


man St., Greensboro, N. C. (N.C.) | pagart, R. S., Dist. San. Engr., N ws pS oo po 


Sutphin, Roy L., Va. Polytech. Inst., | “State Dept. of Health, 14 Romeyn| Nw.) 





Blacksburg, Va. (Va.) Ave., Amsterdam, N. Y. (N.Y.) 
Sutter, Oliver, Chief Opr., Sew. Tr. | 7; ia Taylor, M. F., Oper. Engr., Mari- 
a aig Sag Office. Ft. ee eee ge aga ona etta Army Air Field, Rt. 1, 
‘amin Harrison, Ind. (Cen. St. N. Y NY.) ss g., sslbany, Smyrna, Ga. (Ga.) 

and Ohio) Tee, te 2, oe ot oe | “eS ee 
Suttie, Roscoe H., Prof., Dept. of “Satan “Pack ae; ero ae Jnion ollege, 38 Union Ave., 
mite sig Yale ‘ oe be ‘ Estes Park, Colo. (Rocky Mtn.) Schenectady, N. Y. (N.Y.) 
Haven, Conn. (N. Eng.) eo — Sales Engr., Sullivan | Taylor, Worthen H., State Dept. of 
sutton, R. W., County Analyst, | Mont haat} S. Ariz. St., Butte, | Health, 511A State House, Boston 
County Offices, St. Mary’s Gate, | ., spate 33, Mass. (N. Eng.) 

Derby, Eng. (ISP) baad — omg rt Tazewell, Littleton W., Hampton 
Svore, Jerome H., Dir., Div. of San. (NY) 0., New Milford, N. J. Rds. San. Dist. Comm., Norfolk, 
Eng.. State Dept. of Health, Bis- | Tant ee Jot B c E Va. (Va.) 

marck, N. Dak. (N. Dak.) j tanner, John K.,_ “ons. &mnar-, | Teegarden, Hooper J., Opr., Sew. 
Swab, Bernal H., San. Engr., 3438 Weerean 5 ad Gere, ry = Tr. Plt., Columbus Grove, Ohio 
Wyekcliffe Parkway, Toledo 6, (Fed). vse ee te (Ohio) 


Ohio (Pa.) Teeple, Perry McKee, San. Engr., 


acl % — Tapleshay, John A., San. Engr., > Ste . 

Swango William H., Chem., Carbide Saas tone Co. 520 W Sart 3 —_ Bd. Po —., 2321 
& Carbon Chem. Co., 223 Baier St., Chicago 14, Ili. (Cen. St.) Belote ., Jacksonville 7, Fla. 
St. St. Albans, W. Va. (CW. Va) |... elgg ne (Fla.) 

Swarthout, T. L., Opr., Sew. Tr. we * ee ae | — Teisinger, Fred, Asst. Supt., Sew. 
Pit.. 2329 Hamilton Ave., Colum- Chicago 49. Il “(Cen St Th Ve., Tr. Pit., 512 Cedar Rd., Waterloo, 
bus, Ohio (Ohio) : , gee Ta. (Ia.) 


Swartz, Martin, Supt., Util. Comm., ea ba Engr., Fargo, Tejate, Nig io San. Engr., 1460 
Greenville, N. C. (N.C.) au 4 ‘ ; 7 ve., Stop 21, Santurce, P. R. 
‘ ‘ WwW. H Giiv) Raa Tarbett, R. E., San. Engr., Dir., (P.R.) 
— ties \ fie gi is. Py USPHS, 407 Carroll Ave., Tacoma | Temple, N. E.. 
Mont. (Mont.) niin a eae 7 tink | Comeville: Pa. (Pa) 
Ba. ‘ : . ie ark, M. B., San. Engr., Link , ee : 
Sweeney, R. C., Dist. San. Engr., Belt Co., 5125 Sydenham St., “Beek alk besa oe Gy 


State Dept. of Health, 34 South he . 
St., Middletown, N. Y. (N.Y.) Philadelphia 41, Pa. (Pa.) 


153 Rosemont Ave., 


Gveeney, Willard G., 31 Frasier Se. | Tum, Hie As Cet ee oe Tenney, Vern W., 2635 Dwight 
Hempstead, L. I., N. ¥. (N.Y.) Danbury, Conn. (N. Eng.) Way, Berkeley 4, Calif. (Calif.) 
Sweeton, Arthur W., III, Sr. Asst. | Tarman, John E., W. H. & L. D Terhoeven, G. E., USPHS, E. Third 
Engr., Bur. of Pub. Wks., 48 Betz, Chem. ‘Engrs., Gillingham & Kilgour Sts., Cincinnati 2, Ohio 
Briarwood Rd., Newington 11, & Worth Sts. j Philadelphia 24 (Fed.) 
Conn. (N. Eng.) SiS ee , oe Andrew, Commr. of Wks., 

Swender, Harvey P., Asst. Opr., Sew. S ae ae oe 83 DeForest Rd., Toronto, On- 
Moines 17, Ia. (Ia.) Dayton 2, Ohio (Ohio; Dual- | Terry, Frank, Opr., Sew. Tr. Pit., 

Swenholt, John, Chem., 162. S. Pa.) 29° Willow Ave., Freeport, N.Y. 
' Main St., Albion, N. Y. (N.Y.) Taylor, Arthur, Cons. Engr., 725 S. | , (N.Y.) 

Swift, A. B., 74 Claypit Lane, Spring St., Rm. 310, Los Angeles ret Frank, Chief, Eng. Div., 
Rawmarsh, Rotherham, Yorkshire, 14, Calif. (Calif.) USPHS, 2670 Cascade Rd., S. W., 
Eng. (ISP) Taylor, D. R., Gen. Mgr., Baton Atlanta, Ga. (N.Y.) 

Swinehart. Eugene B., Chief Opr., Rouge Water Wks. Co., 131 Thacker, Earnest L., 902. Travelers 
Sew. Disp. Plt., 1133 South St., Lafayette St., Baton Rouge, La. Bldg., Richmond, Va. (Va.) 
Pottstown, Pa. (Pa.) (Fla.; Dual—Va.) Thalheimer, Marce, Opr., Sew. Tr. 

Swope, H. Gladys, Chief Chem., | Taylor, Floyd B., Sr. Asst. San. Pit., E. Pearl St., Batesville, Ind. 
Allegheny Co. San. Authority, Engr., USPHS, 15 Pine St., New (Cen. St.) 

4501 Center Ave., Pittsburgh 13, York 5, N. Y. (N.Y.) Thamasett, Otto E., Plt. Opr., J. N. 
Pa. (Cen. St.; Dual—Pa.) Taylor, Frank S., Filt. Engr., Okla. Adams Memorial Hosp., Perrys- 

Sykes, F., 44 Woolroyd, Slaithwaite, City Water Dept., 2809 N. W. burg, N. Y. (N.Y.) 

Huddersfield, Yorkshire, Eng. (ISP) 17th St., Oklahoma City 7, Okla. | Thatcher, E. F., 14 Church St., 

Sykes, S., 1 Ash St., Southport, | (Okla.) ’ Ferguson, Mo. "(Mo.) 

Lancashire, Eng. (ISP) Taylor, G. R., Retired Engr., 109 Thatcher, Fred A., Sec., Bd. of Sew. 

Sylliassen, M. O., Cons. Engr., 4401 tea on os, ee oe Comm., 18 Belleview Ave., Port 
52nd Ave., N. E., Seattle, Wash. i Washington, N. Y. (N. Y. 

(Pac. NW.) Taylor, Godfrey M. C., Civil Engr., Thatcher, H. D., 216 Mosel St 
John Taylor & Sons, Artillery ane, 2 ss Oe 


egg, 0., Asst. .. Civil House, Artillery Row, Westmin- Birmingham 5, Eng. (ISP) 
oA ee — ster, S. W. 1, London, Eng. (ISE) | Thatcher, Lynn M., Dir., Div. of 
S le 5, sh. (Pac. } Taylor, Grant Edward, Deputy Pub. Health & San., State Dept. 


Sylvester, William L., Dept. of Pub. Street C ., Dept. of Street of Pub. Health, 130 State Capitol 
Wks., 1800 Mun. Bldg.,. New Cleaning, 90 Albert’ St., Toronto, Bldg., Salt Lake City 1, Utah 
York 7, N.Y. AD Ontario, Can. (Can.) (Calif.) 

Symons, George E., Assoc. Ed.,| Taylor, H., Opr., Stalybridge & | Thayer, Neal B., Mgr., City Water 
Water and Sewage Works, 155 E. Dukinfield Jt. Sew. Wks., Bradley & Light Pit., 411 Union, Jones- 
44th St., New York, N. Y. (N.Y.) Hurst, Dukinfield, Ches., Eng. boro, Ark. (Ark.) 

Symons, Kelvin E. B., Engr., On- (ISP) Thayer, Paul M., San. Engr., Chi- 
tario . 4 Health, 807 Rich- | Taylor, Henry W., Cons. Engr., 11 cago Pump Co., 3933 N. Prospect 
mond St., . Toronto 3, Ontario, Park Pl., New York 7, N.Y. Ave., Milwaukee 11, Wis. (Cen. 








Can. aS (N.Y.: Dual—N. .Eng. and Pa.) St.; Dual—Ohio) 
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Kenneth O., Charles W. Cole 
& Son, 2411 N. Central St., S. 
Bend 17, Ind. (Cen. St.) 

Turland, C. N., Managing Dir., 
therm Eng. Co., 1070 Homer St., 
Vancouver, B. C., Can. 
Dual—Pac. NW.) 


Tuhus, 


| 


Sani- | 


(Can.; | 


| 
| 


Turley, Comer, Supt., Water Dept., | 
Pepperell Mfg. Co., Lindale, Ga. | 
(Ga.) 

Turner, Frank, 907 N. Central Ave., 
Paris, Ill. (Cen. St.) 

Turner, Frank P., Civil Engr., | 
Roanoke, Va. (Va.) 

Turner, J. R., Cons. Engr., Paul 
Uhlmann & Assocs., 215 Ken- 
worth Rd., Columbus, Ohio (Ohio) 

Turner, N. P., Cons. Engr., Freese, 
Nichols & Turner, Engrs., 11th 
Fl., United Gas Bldg., Houston 2, | 
Tex. (Tex.) 

Turner, William S., William S. 


Turner & Co., Pacific peat Port- 


land, Ore. (Pac. NW 

Turney, William F., ckinel & 
Turney, Cons. Engrs., P. O. Box 
1122, Santa Fe, N. M. (Rocky 
Mtn.) 

Turpin, U. F., Con. Engr., 2518 


Ridgeway Ave., Evanston, Il. 


(Cen. St.) 

Tuttle, Leon E., Town Hall, Stam- 
ford, i (N. Eng.) 

Twine, S. R., Sew. Wks., Marley, 
Retchiey, Yorkshire, Eng. (ISP) 
Tykosky, Frank, Supt., Sew. Tr. 
Pit., Kaiser-Frazer, 4588 Green- 
field, Dearborn, Mich. (Mich.) 
Tyler, H. G., San. Insp., Ontario 


Dept. of Health, Parliament Bldgs., 


Toronto 2, Ontario, Can. (Can.) 
Tyler, Jac & W., Sewer Commr., 
Greenport, L. ie NW. Y. (W.Y.) 
Tyler, R. G., Prof., Dept. of Civil 
Eng., Univ. of Wash., Seattle, 

Wash. (Pac. NW.) 
lylicki, Frank D., Chem., Southerly 


Sew. Tr. Plt., 6626 Lansing Ave., 
Cleveland, Ohio (Ohio) 

Tytus, Francis J., Cons. Engr., F. H. 
McGraw & Co., 1505 First Nat’l. 


Bank Bldg., Pittsburgh 22, Pa. 
(N. Eng.) 

Ubides, Julio M., 2 Humacao St., 
Rio Piedras, P. R. (P.R.) 

Udell, Harold F., USPHS, 15 N. 
Merritt Ave., Dumont, N. J. 
(Fed.) 


Uhl, William F., San. Engr., State 
Bd. of Health, 604 Franklin St., 
Columbus, Ind. (Cen. St.) 

Uhlmann, Paul A., Cons. Engr., 
A. Uhlmann & Assocs., 2901 
High St., Columbus 2, Ohio (Ohio) 

Umbenhauer, E. J., Supt., Dept. of 
Water & Sew., P. O. Box 511, 


Paul 
N. 


El Paso, Tex. (Pa.) 

Underwood, J. E., Partner, Under- 
wood & McLellan, 502 Grain 
Idg., Saskatoon, Sask., Can. 
(Can.) 

Underwood, Thomas Ball, Drafts- 
man, J. E. Settle, Cons. Engr., 
318 Tremont St., S. Charleston, 
W. Va. (W. Va.) 


United States Pipe & Foundry Co., 
Burlington, N. J. (Assoc.) 
University of Calif. Library, Div. 
of Serials & Exchanges, Berkeley 
4, Calif. (Calif.) 
University of Idaho, 
Eng., c/o j 
Moscow, 


Dept. of Civil 
. W.. Tinniswood, 
Idaho (Pac. NW.) 


| Urick, R. H., Lab. 





University of Southern Calif., Gen- 
eral Library, Univ. Park, Los 
Angeles 7, Calif. (Calif.) 

Updegraff, W. R., Western City 


Magazine, 458 S. Spring St., Los | 


Angeles, Calif. (Calif.) 


Upper Verde Pub. Util. Co., Clark- 


dale, Ariz. (Corp., Ariz.) 

Upton, Frank W., Opr., Sew. Tr. 
Pit., 604 Wolcott Ave., Beacon, 
N. Y. (N.Y.) 

Ure, Douglas G., Cons. Engr., 24 
Queen St., St. Catharines, Ontario, 


Can. (Can.) 
Tech., Sew. T 
1 


iP 
Des Moines 12, 


Pit., 749 32nd St., 
Ia. (Ta.) 
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Urquhart, M. B., Mfgrs. Rep., 16th 
& Blake Sts.,. Denver, Colo. 
(Rocky Mtn.) 

Ustruck, J. K., Fairbanks, Morse 
& Co., Pump & Elec. Dept., 220 
E. Fifth St., St. Paul 1, Minn. 
(S. Dak.) 

Utah-Idaho Sugar Co., Att: Hatler 
Gearheart, Mgr., Chinook, Mont. 
(Corp., Mont.) 

Utraska, Fred, Asst. Opr., Sew. Tr. | 


Pit., 122 S. Second St., 
Ill. (Cen. St.) 


Vaaler, Adrian W., Civil Engr., 
861 Willamette, 
(Pac. NW.) 

Van Atta, J. W., 
B. Carter Co., 


Vice-Pres., Ralph 

192 Atlantic St., 
Hackensack, N. J. (Assoc.; NY.: 
Dual—N. Eng. & Pa.) 

Van Breda, A. J., Sr. San. Engr., 
Div. of San. Eng., Dept. of Pub. 
Health, Springfield, Ill. (Cen. St.) 

Van Briesen, Jake, Street Commr., 
George, Ia. (Ia.) 

Van Burek, Robert, 


Dist. Mgr., 


Wallace & Tiernan, Ltd., 350 
Sorauren Ave., Toronto 3, Ontario, 
Can. (Can.) 

Van Camp, Paul M., 


Cons. Engr., 
C. Gc, 


Southern Pines, N. 
Vance, Ledcreich S., Tech. Advisor, 


Louisville & Jefferson Co. Metro. 
Sewer Dist., No. 9 Hawthorne 
Hill, Louisville 4, Ky. (Ky. 
Tenn.) 

Vandenberg, Alfred J., Asst. Engr., 
Alameda Naval Air Station, 3305 
Garfield Ave., Alameda, Calif. 
(Calif.) 

Van Denburg, J. W., Engr.,. Parsons, 


Brinckerhoff, Hogan & Macdonald, 
142 Maiden Lane, New York 7, 
N.Y. GUY.) 

Van Der Vliet, 
Tr. Pit., 522 Bergen Ave., 
wood, N. J. (N.J.) 

Van Derwerker, Ralph J., Supt.- 
Engr., Union County Mosquito 
Exter. Comm., 324 North Ave., 
E., Cranford, N. J. (Fed.) 

Van Deusen, E. J., Sewer te 2 
Pearl St., Malone, N. Y. (N.Y.) 


Van Deventer, M. S., Van Deventer 
t 


Henry, Supt., Sew. 
May- 


1 


Eng. Co., 4903 Delmar Blvd., S 
Louis, Mo. (Mo.) 

Vandiver, gag A., Attendant, 
Sew. Tr. R. R. 11, Box 649, 
Dayton 9, Pokic (Ohio) 

Van Horn, R. B., Prof., Univ. of 
Wash., Dept. of Civil Eng., 


Pp 
Seattle, Wash. (Pac. NW.) 

Van Kleeck, LeRoy W., Prin. San. 
Engr., State Dept. of Health, State 
og Bldg., Hartford, Conn. 

ng. 


E e, Ore. | 
— . ! Vale. C, J. Beot,,. Sea: 


St. Charles, | 
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Van Meter, Roy O., Box 3669, 
Terminal Annes, Los Angeles 54, 
Calif. (Calif.) 


Van Norman, Jas. H., Chief Opr., 
Los Angeles Tr. Pit., 618 Eucalyp- 
tus Dr., El Segundo, Calif, (Calif.) 


Van Orden, Jas. H., San. Des. Engr., 


5532 Blackstone Ave., P. O. Box 
323, Chicago 90, Ill. (Cen. St.) 
Alex, Jr., Vice-Pres. 


Van Praag, 
& Sec., Warren & Van Praag, 
Inc., 447 Standard Office Bldg., 
Decatur, Ill. (Cen. St.) 

Vargas, Pedro J. Rios, Civil Engr., 
1508 Ponce de Leon Ave., San- 
turce, P. R. (P.R.) 


Vaseen, V. A., San. Engr., Ripple 
& Howe, 2540. Yates St., Denver 
12, Colo. (Rocky Mtn.) 

Vaughan, E. A., Mgr., Light & 
Water Dept., P. O. Box 456, 
Lompoc, Calif. (Calif.) 

Vazquez, Leovigildo, 959 Fernandez 
Juncos Ave., Stop 14’, Santurce, 
P. R. (P.R.) 

Veale, J. C., 50 Flemingate, Bever- 
ley, E. Yorkshire, Eng. (1S 

Veatch, F. M., Cons. Engr., Black 
& Veatch, 4706 Broadway, Kansas 
City, Mo. (Rocky Mtn.) 

Veitch, William M., City Engr., 
City Hall, London, Ontario, Can. 
(Can.) 


Engr., Man- 
hattan College, Edgars Lane, 
Hastings-on-Hudson 6, N. Z 


Velzy, Charles R., Buck, Seifert & 


Jost, 112 E. 19th St., New York 
3, N. ¥. N.Y.) 
Venables, W. N., San. Engr., City 


Hall, Winnipeg, Manitoba, Can. 
| (Can.) 
| Venn, Frank, Supt., Sew. Tr. Plt., 
Pentwater, Mich. (Mich.) 
Vensano, H. C., Dir,, Dept. of Pub. 
Wks., Rm. 260, City Hall, San 
Francisco, Calif. (Calif.) 
Venton, Donald M., Resident Engr., 





Armstrong & Anderson, Box 146, 

Clinton, Ontario, Can. (Can.) 

William H., Plt. Opr., Sew. 
269 Murray oe Newark, 

NW. ¥. (N. Y.) 

Verhoek, J. B., San. Engr., Greeley 
& Hansen, 7430 Paxton Ave., Chi- 


VerDow, 
Tr. Pit. 


cago 49, Ill. (Cen. St.) 

Verlinden, Albert, Rep., The Dorr 
Co., 25 Blvd. Slicksteen, Tirle- 
mont, Belgium (N.Y.) 

Vermette, F. L., San. Engr., 76 N. 
Marshall St., Pontiac, Mich. 
(Mich.) 

Vest, W. E., Eng. Consultant, Water 


Dept., City Hall, Charlotte, N. C. 
(N.C.) 
Vick, E. H., Chief Engrs. Dept., 
London Co. Council, County Hall, 
London, S. E. 1, Eng. (ISP) 
Victoria, John, +, Sew. Tr. 
Riverhead, N. N.Y.) 


Vilen, Frank I., aa 


Pit., 


Sew. Tr. Plt., 


City Hall, Kenosha, Wis. (Cen. 
St.) 

Vinas-Sorba, Manuel, 1555 Francia 
St., Santurce, P. R. (P.R.) 

Vincent, G. G., Megr., Tech. Service 
Dept., Gen. Chem. Div., Canadian 
Industries, Ltd., P. O. Box 10, 
Montreal, Quebec, Can. (Can.) 

Vinson, A. T., Sales Engr., 225 


Burgiss Bldg., Jacksonville, Fla. 
(Fla.) 
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Virginia Beach, Town of, Health & 
San. Dept., Att: H. E. Halstead, 
Town Hall, Virginia Beach, Va. 
(Corp., Va.) 

Virginia Woolen Co., Att: W. B. 

le, Engr., Winchester, Va. 
(Corp., W. Va.) 

Vivier, Harvey, Opr., Sew. Tr. Pit., 
Ludlow, Mass. (N. Eng.) 

Vockel, R. L., Waverly Oil Wks 
Co., 54th & A.U.R.R., Pittsburgh 
i, Pa. (Pa.) 


Voden, Stewart, Chem., City Water 
Dept., 2512 Central Ave., W., 
Great Falls, Mont. (Mont.) 

Vokes, F. C., Engr., Birmingham 
Tame & Rea Dist. Drainage Bd., 
Rookery Pk., Erdington, Birming- 
ham 24, Eng. (ISP) 

Volkmann, I. W., Opr., Sew. Tr. Plt., 
Iron Ridge, Wis. (Cen. St.) 


Volpp, A. G., Water Supt., Box 114 
Willamette, W. Linn, Ore. (Pac. 
NW.) 

Volonte, August F., Assoc. San. 
Engr., Navy Dept., Bur. of Yards 
& Docks, 911 Prospect Ave., 
Takoma’ Park, Md. (Md.-Del.; 
Dual—Fed.) 

Vredenburg, Edward L., Supt., Pub. 


Wks., 20 7 ee Ave., 

Valley, N. (N.Y 
Vrooman, ~hdl Cons. Civil Engr., 

Morrell Vrooman, Inc., 21-23 N. 


Spring 





Main St., Gloversville, N. Y. 
(N.Y.) 
Waddell, W. H., City Engr., Owen | 
Sound, Ontario, Can. (Can.) | 
Wade, Harry D., Sales Rep., U. S. 


Pipe & 3 nag’ Co., 2105 Bryant 
Bldg., Kansas City 6. Mo. (Kan.) 

Wale, W. J., Opr., Sew. Tr. Plt., 
1722 Fremont Ave., N., Minne- 
apolis 11, Minn. (Cen. St.) 

Wadhams, S. H., State Water Comm., 
State Office Bldg., Hartford, Conn. 
(N. Eng.) 

Wadsworth, Ralph G., City Engr., 
Rm. 359, City Hall, San Francisco 
2, Calif. (Calif.) 

Wagenhals, H. H., Assoc. San. Engr., 
State Dept. of Health, 411 Herald 
Bldg., Syracuse, N. Y. v.Y.) 


Wagner, E. P., San. Engr., 50 
Mansfield Ave., Darien, Conn. 
(N.Y.) 

Wagner, Edmund G., Chief, Field 


Party, Inst. of Inter-Amer. Af- 
fairs, Div. of Health & San., 
c/o Amer. Embassy, Caracas, 
Venezuela (Fed.) 

Wagner, Edwin B., Supt. of Water 
Wks., Downingtown, Pa. (Pa.) 

Wagner, Norman W., Opr., Sew. Tr. 
Pit., Harborview Ave., Stamford, 
Conn. (N. Eng.) | 

be - ae Carl A., Supt., Sew. Tr. 

419 N. 23rd St., LaCrosse, 
Wis (Cen. St.) 

Wait, M. R., Supt. of Util., Coon 
Rapids, Mun. Elec. & Water Pit., 
Coon Rapids, Ia. (Ia.) 

Waite, Paul W., Chem., Elkland 
Leather Co., Inc., Elkland, Pa. 
(Pa.) 


Wakefield, J. W., Dist. Engr., State 
Bd. of Health, Box 469, Apalchi- 
cola, Fla. (Fla.) 

Wakeley, Guy B., Supt., Sew. Tr. 
Pit., 700 Dewy St., Harvard, III. 
(Cen. St.) 


Walbridge, Thornton, Supt., Sew. Tr. 


Pit., 1201 Winchester Rd., Liberty- 
ville, Il. : 


(Cen. St.) 








Aeromotive 
Cleveland, Apt. 
Minn. (Cen. St.) 


Waldron, J. T.,. Chem. Engr., Hall 


Waldor, 
Industries, 
6, St. Paul, 


N. T., Partner, 
372 N. 


Lab., Inc., 135 11th Ave., "Hunt- 

ington, W. Va. (W. Va.) 
Waligora, John M., Chief Rw 

Sharp & Dohme, . Inc., 

Broad St., Philadelphia, — (Pa) 
Walker, C. C., Cons. Engr., Jen- 

nings-Lawrence Co., 1826 W. First 


Ave., Columbus 8, Ohio (Ohio) 

Walker, Charles L., Prof., San. Eng., 
Cornell Univ., 201 Fairmont Ave., 
Ithaca, N. Y. v.Y.) 

Walker, J. D., Pres., Walker Process 
Equip., Inc., 33 Hoyt Pl., Aurora, 
Ill. (Assoc.; Cen. St.) 

Walker, James G., Mer., N. Y. Dist., 
Transite Pipe Dept., Johns-Man- 
ville Sales Corp., 66 Union Ave., 
Tarrytown, N. Y. (N.Y.) 

Walker, Samuel A., Jr., Suit, Walker 
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Warner, = L., Mgr., Harrison Pipe 
Co., 615 E. B_ St., Tocoma, 
Wash. *CPac. NW.) 

Warner, Luther C., Supt., Pub. 


Wks., a _ Ave., Cel loron, 
MX. ee) 
Warner, A ea Mgr., 


Water Dept., 
City Hall, Walnut 
Ark.) 


Ridge, Ark. 


Warren, George D., Opr., Sew. Tr. 
Cor. Broad A Church St., 
Lyons, N. Y. (N.Y.) 

Warrick, L. F., Chief San. Engr., 
State Bd. of Health, Rm. 458. 
State Office Bldg., Madison 2, 
Wis. (Cen. St.) 

Warwick, P. H., Engr. & Surveyor, 
Guildhall, Winchester, Hants, Eng 
(ISP) 

Water and Sewage Works, 155 E. 
44th St., New York, N. Y, 
(Assoc. ) 

Waterman, Earl L., Prof., San. 
Eng., State Univ. of Ia., 208 
Eng. Bldg., Iowa City, Ia. (Ia.) 

Waters, George E., Asst. Opr., 
Minn.-St. Paul San. Dist., 2130 
Princeton Ave., St. Paul 5, Minn. 
(Cen. St.) 

Watkins, S. C., Civil Engr., Rm. 8, 
Goldby Bldg., Medford, Ore. (Pac. 
NW 

Watmough, W. W., Supt.-Chem., 

| Depew Disp. Plt., 118 Balmoral 
Ave., S., Hamilton, Ontario, Can. 


& Assocs., Mortgage & Bond Bldg., 
5 W. Larned St., Detroit 26, 
Mich. (Mich.) 

Walker, Wm. W., Major, O-511952, 
421 First Ave., S. W., LeMars, 
Ia. (Fed.) 

Wall, Thomas H., 212 City Hall, 
Rochester, Minn. (Cen. St.) 

Wallace, W. M., Supt., Filt. & Sew. 
Tr. Water Wks. Pk., Detroit 14, 
Mich. (Mich.) 

Walker, W. P., Jr., Engr., State | 
Dept. of Health, 509 S. Caranca- 
hua, Corpus Christi, Tex. (Tex.) 


Wallace, Wales W., Resident Engr., | 
Polk, Powell & Hendon, Engrs., | 
518 Deadrick St., Nashville 3, 
Tenn. (Ky.-Tenn.) 

Wallis, L. E., Supt., Water Wks., | 
Elberton, Ga. (Ga.) 

Walraven, W. B., Springfield San. 


Dist. Rt. 5, 
(Cen. St.) 

Walters, F. Y., Gen. 
John Inglis Co., Ltd., 
Ave., Toronto 1, Ontario, 
(Can.) 

Walters, Grover L., Supt., 
Sewer Dept., 237 W. 
wealth, Fullerton, Calif. (Calif.) 

Walton, Graham, Chief Medical 
Dir., Bur. of Prisons, Dept. of 
Justice, Washington 25, D. C. 
(Cen. St.) 

Ward, A. R.; Supt., Sew. Wks., 
Heathside Farm, Cheadle Heath, 
Stockport, Cheshire, Eng. (ISP) 

Ward, Charles E., Cons. Engr., 17 
Maple Dr., Great Neck, N.Y. 
(N.Y.) 

Ward, Jonathan B., 
chemical  Co., 
(Pac. NW.) 


Springfield, Ill. 


Sales Mer., 
14 Strachan 
Can. 


Water & 
Common- 


Hooker Electro- 
Tacoma, Wash. 


Ward, Oscar, Opr., Sew. Tr. Pit., 
1500 S. Cedar St., Marshfield, Wis. 
(Cen. St.) 

Ward, Paul C., 787 Vicente, Berke- 
ley, Calif. (Calif.) 

Warden, Lotus A., City Engr., 821 
S. Armstrong, Kokoma, Ind. 
(Cen. St.) 

Wardle, J. McClure, Supt., Dept. 
of Pub. Wks., Hudson, N. Y. 
(N.Y.) 

Wardwell, T. M., City Mgr., City 

Hall, Rhinelander, Wis. (Cen. St.) 


Ware, Howard, Engr., The Central 
Foundry Co., Union, fee, & 
(N.Y.) 

Waring, F. H., Chief Engr., Ohio 


Dept. of Health, 302 State Depts. 
Bldg., Columbus 15, Ohio (Ohio) 





(Can.) 
Watson, C. K. F., Ames Crosta Mills 


Co., Ltd., Moss Iron Wks., 
Heywood, Lancashire, Eng. (ISP) 
Watson, Carl H., Des. Engr., Bd. of 
Sewer Commrs., 46 Grace Ave., 
Great Neck, N. Y. (N.Y 
| Watson, Clifford W., Jr., am Engr., 
Dairymens League Coop. Assn., 
Inc., Chapel Hill Rd., Lincoln 
Park, N. J. (N.Y.) 
Watson, David M., Civil Engr., 
D. & D. M. Watson, 18 Queen 
Anne's Gate, Westminster, S. W. 
, Eng. (ISE) 
el my H., Sew. Engrs. Dept., Civic 
Hall, Leeds 1, Eng. (ISP) 








Watson, Henry G., City Engr., 102 
City & Co. Bldg., Cheyenne, Wyo. 
(Rocky Mtn.) 


Watson, K. S., Chem. Engr., 7“ 
Water Comm’, 1806 Wash. St., E 
Charleston, W. Va. (W. Va.) 

Watson, W., Supt., Sew. Whks., 
Marley, Keighley, Yorkshire, Eng. 
(ISP) 

Watson, W. L., Jr., 19166 Ventura 
Blvd., Tarzana, Calif. (Calif.) 
Watters, T. G., Chem.-Supt., Sew. 
Tr. Pit., 824 E. Wash. St., 

Hoopeston, Ill. (Cen. St.) 


Watts, M. R., Chem.-Bact., Alle 


gheny Co. San. Authority, 200 
Walters Lane, Springdale, [a 
(Pa.) 

| Weachter, Horace, Rep., Boro. of 
Lansdale, 110 Courtland St., Lans- 
dale, Pa. (Pa.) 

Weasner, Leo, Asst. Chem., Sew. Tr. 
Pit., 2016 S. Belmont Ave., Indi- 
anapolis 3, Ind. (Cen. St.) 

Weaver, E. D., Mgr., Pub. Util. 
Comm., Petrolia, Ontario, Can. 
(Can.) 

Webber, H. A., City Supt., Sunny- 


side, "Wash. (Pac. NW.) 


Webber, R. H., Brown Eng. Co., 
15 Alcorn Ave., Toronto 5, On- 
tario, Can. (Can.) 
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Wilkins, George F., Gen. Chem. Co., 
235 Montgomery St., San Fran- 
cisco, Calif. (Calif.) 

Wilkinson, G. W., 4 Stafford PI., 
Richmond, Surrey, Eng. (ISP) 
Will, Edgar G., Asst. Chem., Ohio 
Dept. of Health, 98 Tulane Rd., 

Columbus, Ohio (Ohio) 

Willett, C. K., Cons. Engr., 317 N. 
Galena Ave., Dixon, Ill. (Cen. 
St.) 

Williams, A. C., Twp. Engr., Haver- 
ford Twp., Upper Darby Post Of- 
fice, Oakmont, Pa. (Pa.) 

Williams, C. L., Plt. Engr., Kelsey- 
Hayes Wheel Co., 1242 Auburn 
Dr., Birmingham, Mich. (Mich.) 

Williams, Charles H., City Engr. 
& Water Supt., 826 Percival St., 
Olympia, Wash. (Pac. NW.) 

Williams, Charles W., Foreman, 59 
Ewing St., Peru, Ind. (Cen. St.) 

Williams, Clyde E., Consultant, 312 
W. Colfax Ave., S. Bend 7, Ind 
(Cen. St.) 

Williams, Fred, Engr., Meadows, 
Critoph & Co., 118 Richmond St., 
W., Toronto, Ontario, Can. (Can.) 

Williams, G. G., Clk. & Treas., 
Gravenhurst, Ontario, Can. (Can.) 

Williams, J. E., Tex. A. & M., 1505 
Fourth St., Brownwood, Tex. 
(Tex.) 

Williams, J. S., Rep.. Automatic 
Control Co., 1005 Univ. Ave., St. 
Paul 4, Minn. (Assoc.) 

Williams, J. T., Adv. Mgr., Engi- 
neering & Contract Record, 347 
Adelaide St., W., Toronto 2B, 
Ontario, Can. (Can.) 

Williams, L. O., Jr.. State San. 
Engr., State Bd. of Health, Chey- 
enne, Wyo. (Rocky Mtn.) 

Williams, Leon G., Hydr. & San. 
Engr., Jones & Henry, Cons. 
Engrs., 3611 Watson Ave., Toledo 
12, Ohio (Cen. St.) 

—, Marvin G., Bluefield San. 
d., Bluefield College, Bluefield, 
W. Va. (W. Va.) 

Williams, R. O., Treas., Keansburg, 
N. J. (N.J.) 


Williams, R. O., Foss Okla. (Okla.) 

Williams, Richard L., Chem., West- 
vaco Chlorine Products Corp., 
4630A McCorkle Ave., St. Charles- 
ton, W. Va. (W. Va.) 

Williams, W. B., Williams & Works, 
Engrs. & Surveyors, County Bldg., 
Grand Rapids 2, Mich. (Mich.) 

Williamson, A. E., Jr., 125% Wood- 
burn Rd., Raleigh, N. C. (Fla.) 

Williamson, Ben L., San. Engr., 
Kan. State Bd. of Health, Rm. 2, 


Marvin Hall, K. U., Lawrence, 
Kan. (Ia.) 
Williamson, Dewey, Supt., Water 


Wks., Laplata, Mo. (Mo.) 
Williamson, Joe, Jr., Vice-Pres., Rus- 

sell & Axon, Cons. Engrs., Box 

1548, Daytona Beach, Fla. (Fla.) 


Wilson, Alex, Sales Megr., Pumps & 
Softeners, Ltd., London, Ontario, 
Can. (Can.) 

Wilson, C. T., Supt., Sew. Tr. Plt., 
324 Johnson, Waterloo, Ia. (Ia.) 

Wilson, Don, San: Insp., City Health 
Dept., Mitchell, S. Dak. (S. Dak.) 

Wilson, E. M., Pa. Salt Mfg. Co., 
1000 Widener Bldg., Philadelphia, 
Pa. (Pa.) 


Wilson, Edward F., Water Chem., | 


State Bd. of Health, Little Rock, 
Ark. (Ark.) 





Wilson, F. E., City Hall, Lakeland, 
Fla. (Fla.) 


Wilson, Harry L., Constr. Engr., 
Univ. of Minn., 3634 47th Ave. 
S., Minneapolis, Minn. (Cen. St.) 

Wilson, J. B., Cons. Engr., 10 W. 
Ohio St., Indianapolis 4, Ind. 
(Cen, St.) 

Wilson, J. Preston, Post Engr., Ros- 
well Army Air Field, Roswell, 
N. M. (Rocky Mtn.) 

Wilson, John N., Engr., Minn. Dept. 
of Health, San. Div., Minneapolis 
14, Minn. (Cen. St.) 

Wilson, Kenneth I., Gustavo Preston 
Co., 113 Broad St., Boston 10, 
Mass. (N. Eng.) 

Wilson, Murray A., Cons. Engr., 
Wilson & Co., Engrs., P. O. Box 
518, Salina, Kan. (Kan.) 

Wilson, N. Bruce, Pres., British 
Liquid Meter Co., & Automatic 
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Clutch Corp. of Can., 388 Yonge | 
St., Toronto, Ontario, Can. (Can.) | 


Wilson, Robert A., Piatt & Davis, 
Engrs., 1006 Knox St., Durham, 
N. C. (N.C.) 

Wilson, Ross E., Sew. Plt. Opr.. 
17 Redan St., London, Ontario, 
Can. (Can.) 

Wilson, Twiford C., Asst. Testing 
Engrs., Bur. of Standards, 4608 
W. Ave. 41, Los Angeles 41, 
Calif. (Calif.) 

Wilson, Walter, City Engr., 
dale, Ark. (Ark.) 

Wilt, Marlin E., Pa. Dept. of 
Health, 138 E. Third St., Wil- 
liamsport, Pa. (Pa.) 

Winch, Norman M., Supt. of Sewers, 
46 Birds Hill Ave., 
Mass. (N. Eng.) 

Windridge, M. E. D., 79 Kewbridge 
Crescent, Wolverhampton,  Straf- 
fordshire, Eng. (ISP) 

Winebrenner, K. J., Opr., Sew. Tr. 
It., Rt. 2, Kalispell, Mont. 


Spring- 


(Mont.) 


Winfield, Wilmer M., Supt. of 
Sewers, Rotterdam Sew. Dist., 1319 
Rosewood Ave., Schenectady, 
Nw: YY. OED 

Winfrey, Paul, Supt., Sew. Tr. Plt.. 
S. E. 30th Vandalia Rd., Des 
Moines 17, Ia. (Ia.) 

Wing, Frederick K., Pres., Frederick 
K. Wing Co., 19 Argonne Dr., 
Kenmore 17, N. Y. (N.Y.) 


Wingert, C. Eber, Plt. Supt., 447 
Broad St., Chambersburg, Pa. 
(Pa.) 

Winne, George, Opr., Sew. Tr. Pit., 
144 Maple Ave., Attamont, N. Y. 
(N.Y.) 


Winsch, Charles E., Cons. Engr., Al- 
bright & Friel, Inc., 3652 Frank- 
ford Ave., Philadelphia 34, Pa. 
(Pa.) 

Winsor, C. E., Laburnam Villa, 
Kingsbury Rd., Minworth, Birm- 
ingham, Eng. (ISP) 

Winston, Joe B., Sigler, Clark & 
Winston, P. O. Box 157, Weslaco, 
Tex. (Tex.) 

Winterer, R. C., Salesman, Sew 
Equip., Amer, Radiator & Stand- 
ard San. Corp., 300 Broadway, St. 
Paul 1, Minn. (Cen. St.) 

Wintersgill, A. T., 306 W. Ave. 26, 
Los Angeles, Calif. (Calif.) 

Wirt, R. M., San 
House, 

Va.) 


Engr., Court 
Arlington, Va. (Pa. and 


Needham 92, | 
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Wise, Melvin J., Supt., Water & 
Sew. Tr. Plit., DeWitt Gen. Hosp., 
150 Hale St., Auburn, Calif. 


Wise, William S., Chief Engr., State 
Water Comm., State Office Bldg, 
Hartford, Conn. (N. Eng.) 

Wisehart, Fred, Asst. Engr., M. L, 
Miller, Cons. Engr., 400 Mc- 
Dowell Bldg., Louisville, Ky. 
(Ky.-Tenn.) . 

Wisely, W. H., Exec. Sec.-Ed., 
Fed. of Sew. Wks. Assns., 325 
= Bldg., Champaign, Ill. (Cen, 
St. 


Wiseman, Marrs, Sec., W. Va. Mfgrs 
Assn., Box 2949, Charleston, W 
Va. (W. Va.) 

Wisniewski, T. F., San. Engr., State 
Bd. of Health, 4341 Hillcrest Dr 
Madison 5, Wis. (Cen. St.) 

Witcher, C. Preston, Supt., Sew 
Tr. Plt., 707 W. Wash., Ann 
Arbor, Mich. (Mich.) 

Withnell, I., 4 Winchester Ave 
Wheatley Pk., Doncaster, Yorks., 
Eng. (ISP) 

Witter, Sew. Plt. Opr., Newell, Ia 
(Ia.) 

Wittenmyer, James D., Lab. Tech., 
Sew. Tr. Wks., 23 Victory Dr., 
Troy, Ohio (Ohio) 

Wittmer, Earl F., Chem. Engr., 
Floyd G. Browne & Assocs., 506 
Mt. Vernon Ave., Marion, Ohio 
(Ohio) 

Witty, T. E., Supt. of Plts., Thomas- 
ville, N. C. (N.C.) 

Woese, Carl F., Cons. Engr., 2030 
Erie Blvd., E., Syracuse 3, N. ¥ 
(N.Y.) 

Wohl, Stanley, Grad. Stud., N 
Univ., Box 111, Univ. Heights 
New York 53, N. Y. (N.Y.) 

Wolf, Lloyd, Supt., Brainerd Sew 
Pit., R.F.D. 1, N. Moore Rd., 
Chattanooga, Tenn. (Ky.-Tenn.) 

Wolfs, John R., Opr., Southerly Sew. 
Tr. Plt., 4243 W. 63rd St., Cleve- 
land 9, Ohio (Ohio) 

Wolfson, David, Asst. Engr., Buck, 
Seifert & Jost, 251 Seaman Ave., 
New York 34, N. Y. (N.Y.) 

Wolfteich, John, Opr., Sew. Tr. Plt., 
5 Fifth St., Atlantic Beach, N. Y. 
(N.Y.) 

Wolin, Martin, Grad. Stud., N. Y. 
Univ., 605 W. 112th St., New 
Yow 25, N. ¥.. (N2.) 

Wolman, Abel, Prof., San. Eng., 
Johns-Hopkins Univ., Latrobe Hall, 
Homewood, Baltimore 18, Md. 
(Md.-Del.) 

Wolterink, Paul, Asst. Lab. Supvr., 
Mead-Johnson Co., Zeeland, Mich. 
(Mich.) 

Woltmann, J. j., Cons. Engr., 314 
Unit Bldg., Bloomington, Ill. 
(Cen. St.) 

Woo, Francis H., Asst. San. Engr.. 
ur. of San., Territorial Bd. of 
Health, P. O. Box 2773, Hono- 
lulu, T. H. (Calif.) 

Wood, Co., R. D., Pub. Ledger 
Bldg., Independence Sq., Philadel- 
phia 5, Pa. (Assoc.) 

Wood, Elgin S., Chem., Pa. Dept. 
of Health, 1310 Market St., Har- 
risburg, Pa. (Pa.) 

Wood, Ernest A., Supt., Div. of 
Street Cleaning & Scavenging, 
Dept. of Health, City Hall Annex, 
Winnipeg, Manitoba, Can. (Can.) 

Wood, Fred H., Gen. Mgr., Equip. 
Distributors, Ltd., 208 Ford St., 
Winnipeg, Manitoba, Can. (Can.) 











Wo 


Wr 
Wr 
Wi 


W 











No. 2 


Vol. 20, 


Engr., 117 


Wood, Herbert M., Cons. 
Freeport, 


W. Sunrise Highway, 
Bn: Y. GV.Y. 

Wood, J. R., City Engr., City Hall, 
Calgary, Alberta, Can. (Can.) 
Wood, R., Waterton Rd., Lupset, 
Wakefield, Yorkshire, Eng. (ISP) 
Woodburn, James G., Prof., Hydr. 
Eng., Univ. of Wis., Hydr. Lab., 
Madison 6, Wis. (Cen. St.) 
Woodruff, F. L., San. Engr., 
Cuyahoga County, 13452 Merl 
Ave., Lakewood 7, Ohio (Ohio) 


Woods, W. G., Town Clk., Hespeler, 
Ontario, Can. (Can.) 

Woodward, John D., Plt. Supvr., 204 
E. 10th Ave., Conshohocken, Pa. 


(Pa.) 


Woodward, Richard L., USPHS, 178 


Palfrey St., Watertown, 72, Mass. 
(Fed.) 

Wooley, Charles, Sewer Commr., 
Greenport, L. I., N.Y. (N.Y.) 
Woolidge, H. V., Prod. Mgr., Wallace 
& Tiernan, Ltd., 350 Sorauren 
Ave., Toronto, Ontario, Can. 

(Can.) 
Woolsey, Lawrence S., Elec. Engr., 


Marion L. Crist & Assocs., Union 
Life Bldg., Little Rock, Ark. 
(Ark.) 

Wooten, Frank M., Jr., Wooten & 
Wooten, Cons. Engrs., 215 Latta 
Arcada, Charlotte 2, N. C. (N.C.) 

Wooten, L. E., Cons. Engr., 102 W. 
Hargett St., Raleigh, N. C. (N.C.) 

Work, Barbara G. (Miss), Hall 
Labs., Inc., 323 Fourth Ave., 
Pittsburgh 22, Pa. (¥a.) 

Worman, George M., Wales Court, 
Apt. 2, Lake Wales, Fla. (N. 
Eng.) 

Wormuth, W. H., Plt. Opr., Sew. 
~ €h,.3 Grove St., Baldwins- 
ville, N. Y. (N.Y.) 

Worrest, Howard A., Supt. of Water 
& Sewers, Millersville, Pa. (Pa.) 

Worthington, Erastus, Cons. Engr., 
Insurance Bldg., Dedham, Mass. 
(N. Eng.) 

Worthington Pump & Machinery 
Corp., Harrison, N. J. (Assoc.) 
Wright, Arthur, Arthur Wright & 
Assocs., 43 ~~ Ave., Upper 

Montclair, N. J. (N.J.) 
Wright, Carl _D., tt Engr., Pa- 


cific Flush-Tank Co., 4241 Ravens- 


wood Ave., Chicago 13, Ill. (Cen. 
St.) 

Wright, Charles T., USPHS, Dist. 
8, 617 Colo. Bldg., Denver, Colo. 
(Fed.) 

Wright, Chilton A., Prof., San. Eng., 
Brooklyn Poly. Inst., 99  Liv- 
ingston St., Brooklyn, a 
(N.Y.) 

Wright, Edward, State Engr., State 
Dept. of Health, S11A_ State 
House, Boston 33, Mass. (N. Eng.) 





CONSOLIDATED MEMBERSHIP DIRECTORY 


Wright, Joe, Lewistown, Mont. 
(Mont.) 

va ohn, Jr., Sales Engr., Chain 

Belt Co., 614 Grant Bldg., Pitts- 
burg 19, Pa. (Pa.) 

Wright, W. T., 816 W. Fifth St., 
Los Angeles, Calif. (Calif.) 

Wurtenberger, Helen, Chem., Sew. 
Tr. Plt., 203 W. 10th St., Ander- 
son, Ind. (Cen. St.) 

Wyatt, Bradley W., Box 418, Ala- 
meda, Calif. (Calif.) 

Wyckoff, Charles R., Engr., V allace 
& Tiernan Co., Inc., c/o Coniff 
Cottage, 46 Franklin Ave., Saranac 
Lake, N.Y. GVY,) 

Wyckoff, H. A., Prof. of Biology, 
Ga. School of Tech., Atlanta 3, 
Ga. (Ga.) 

Wyllie, George F., Supt., Sew. Tr. 
Pit., 1625 Sunset Ave., Lansing 
15, Mich. (Mich.) 

Wymore, Allan H., Engr., Burns & 
McDonnell Co., 626 E. 61st Ter- 
race, Kansas City 4, Mo. (Mo.) 


P. R. Aqueduct & 
Stop 26%, Fer- 
Santurce, 


Wys, 
Sewer 
nandez 
P. R. 


Octavio, 
Service, 

Juncos Ave., 
P.R.) 


of Sew. 
Apt. 4, 


Yaeck, Arthur W., Supvr. 
Disp., 104 Margaret Ave., 
Kitchener, Ontario, Can. (Can.) 

Yeager, Bert T., City Commr., City 
Hall, Engrs. Office, Sioux Falls, 
S. Dak. (Cen. St. and S. Dak.) 


Yenchko, John, Asst. Engr., Pa. 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

Yeomans, Charles, Pres. & Treas., 
Yeomans Bros. Co., 1433 Dayton 
St., Chicago, Ill. (Assoc.) 


Yeomans Bros. Co., 1433 Dayton St., 


Chicago 22, Ill. (Corp., Cen. St.) 


Yeoman, Raymond E., Sew. Pit. 
Attendant, 336 Lincoln Highway, 
Coatesville, Pa. (Pa.) 


Yerkes, John B., Civil Engr., Box 
145, Bryn Mawr, Pa. (Pa.) 
Yerkes, Milton R., Civil Engr., Bryn 


Mawr, Pa. (Pa.) 


Yoder, M. Carleton, Rt. 3, Box 433, 


Lodi, Calif. (Calif.) 

Yoder, William Esser, San. Engr., 
Gilbert Assocs., Inc., 412 Wash. 
St., Reading, Pa. (Pa. and Va.) 

Yordan, Zoe, Mech. Engr., 79 

Mayageuz, P. R. 


Liberstad St., 
(P.R.) 
Yost, Harold W., Partner, Yost & 


Gardner, Engrs., 508 Heard Bldg., 
Phoenix, Ariz. (Ariz.) 
Young, Alden W., Pit. Opr., 


head Sew. Dist., 235 Osborn 
Riverhead, N. Y. (N.Y.) 


River- 
Ave., 
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Young, C. H., Dist. Engr., Pa. 
Dept. of Health, 608-9 Crawford 
e. a Bldg., Meadville, Pa. 


Young, F. D., Asst. Mgr., Pipe Div., 
pe Manville Sales Corp., 1530 
Guild Hall Bldg., Cleveland, Ohio 
(Ohio; Dual—Mich.) 

Young, Joe M., Infilco, Inc., 
Belmont St., Houston 5, 
(Tex.) 

Young, John T., Assoc. Testing Engr., 
Dept. of Pub. Wks., 826 Yale St., 
Los Angeles 12, Calif. (Calif.) 

Young, Norman C., Boro. Engr., 
Boro. Hall, Phoenixville, Pa. (Pa.) 

Yow, W we City Megr., . Asheboro, 
N. C, C.) 


6346 
Tex. 


Zack, Samuel I., San. Engr., Gan- 


nett, Fleming, Corddry & Carpen- 
ter, Inc., 600 N. Second St., Har- 
risburg, Pa. (Pa.; Dual—N.Y.) 

Zahniser, Newton, Wailes Dove- 
Hermiston Corp., 17 Battery Pl., 
New York 4, N. Y. (N. Eng.) 

Zander, Karl L., USPHS, 126 
Ramona Ave., El Cerrito, Calif. 
(Fed.) 

Zavitz, Verne, Chief Opr., Sew. Tr. 
Pit., 310 S. 7th St., St. Charles, 
Ill. (Cen. St.) 

Zeldenrust, A. T., Des. Engr., Clyde 
E. Williams & Assocs., 312 W. 
Colfax, So. Bend, Ind. (Mich.) 

Zele, Alexander S., Chem., L. I. 
St. Park Comm., Babylon, N. Y. 


(N.Y.) 
Zeller, P. J. A., Research Assoc., 
Tex. A. & M., College, Eng. Expt. 
Sta., P. O. Box 5664, College 


Station, Tex. (Tex.) 

Ziegler, Alvin, Pa. Hide Co., Inc., 
917 Middle St., Scranton, Pa. 
(Pa.) 

Ziegler, C. H., Opr., Nazareth Sew. 


Co., Nazareth, Pa. (Pa.) 
Zigerli, P., Ing., Forchstr. 67, Zurich, 


Switz. (Switz.) 

Zimmer, Frank J., Supt., Water & 
Sew. Tr. Plts., Farmington, Mo. 
(Mo.) 

Zimmer, Henry A., Rep., Walker 
Process Equip., Inc., P. O. Box 
192, Moline, Il!. (la.) 

Zimmer, W. W., Cons. Engr., Wol- 
verine Eng. Co., Mason, Mich 
(Mich.) 

Zoglmann, Martin, Opr., Sew. Tr 
Pit., Gen. Del., Shawano, Wis 
(Cen. St.) 

Zollner, Frederick D., Dist. San. 
Engr., State Dept. of Health, 35 
State St., Batavia, N. Y. (N.Y.) 

Zorn, Ray H., Megr., Power Equip. 
‘o., Oak Harbor, Ohio (Ohio) 

Zydallas, Charles, Asst. Supt., Sew. 
Tr. Pit., Railroad Ave., Manville, 
N. J. GGFR) 





Professional Opportunities 


REGULAR CORPS APPOINTMENTS FOR ENGINEER OFFICERS 
IN THE U. S. PUBLIC HEALTH SERVICE 


Competitive examinations for appointments 
in the Regular Corps in the U. 8. Public 
Health Service in grades of Assistant Sanitary 
Engineer (1st Lieutenant) and Senior Assist- 
ant Sanitary Engineer (Captain) will be held 
during June, 1948. Approximately 15 ap 
pointments are to be made. 


Salary 


Entrance pay for the Assistant grade with 
dependents is $3,811 a year and for the 
Senior Assistant grade with dependents is 
$4,351 a year. Promotions are at regular 
intervals up to and including the grade of 
Senior Sanitary Engineer, which corresponds 
to the rank of Lieutenant Colonel, at $7,018 
a year. Promotion to grades above Senior 
Sanitary Engineer is by selection. Retire- 
ment pay after 30 years service or at the age 
of sixty-four is $4,950 a year. Full medical 
care including disability retirement at three 
fourths base pay and thirty days annual 
leave with pay are provided. 


Qualifications 


An applicant for the Assistant grade must 
(1) be a citizen of the United States at least 
21 years of age, (2) have a degree in one of 
the several branches of engineering, from a 
school of recognized standing, and (3) have 
had at least 7 years of educational (exclu- 
sive of high school) and professional train- 
ing or experience. At least 2 of the 7 years 
shall be qualifying professional training or 
experience in the field of public health or in 
an acceptable related field. 


An applicant for the Senior Assistant 
grade must meet requirements (1) and (2) 
stated for the Assistant grade, and in addi- 
tion have had 11 years of education (exelu- 
sive of high school) and professional train- 
ing or experience. At least 6 of the 11 years 
shall be qualifying professional training or 
experience in the field of public health in 
the employment of an official or nonofficial 
health agency or in an activity directly re- 
lated to the field of public health. 


Examinations 


Each applicant will receive a physical ex- 
amination by a medical officer of the Public 
Health Service and a written examination, 
and will be rated by a Board of Officers as 
to professional knowledge and general fitness. 


Apply 


Application forms and additional informa- 
tion may be obtained from the Surgeon Gen- 
eral, U. S. Public Health Service, Washing- 
ton 25, D. C. Applications should be sub- 
mitted without delay and must be received 
prior to June 1, 1948. The written exami- 
nation is scheduled for June 21, 22, and 23, 
and will be held at designated Service Sta- 
tions convenient to the candidates. Appli- 
cants will be notified regarding the date and 
location of the oral examinations. Trans- 
portation expenses to and from, and the 
cost of maintenance at, the place of exami- 
nation must be assumed by the applicant. 
The written examination will require ap- 
proximately 3 days. 
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